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How then, if formal characteristics are so im- 
portant, are we to explain the assumption that 
television is like film? Or the almost total ab- 
sence, after more than 20 years, of formal des- 
criptions of the television process? The answers 
are mostly to be found in economic and social 
rather than artistic history and need not concern 
us here. The fact remains that to date, television 
both in production and viewing has becn domi- 
nated by the conventions and assumptions of 
narrative film. It is criticized in terms of content 
of the crudest narrative or logical type. Which is 
odd, since very few who regard television in this 
limited way would chance interpreting film 
purely in terms of the narrative conventions of 
the novel. 

From the first, film has been perceived 
practically, critically, and theoretically by those 
whose interest is primarily narrative or content- 
related, or by those who sce its process as open- 
ing new forms of perception to the audience and 
thus new fields of expression to the artist. But of 
course film did not suffer from a flight of intel- 
lectuals at its birth. Born in the Constructivist 
period of technological optimism, it was imme- 
diately the focus of intellectual attention, while 
television even now faces a technological para- 
noia which has blocked serious conceptual study 
of its formal characteristics and has thus enforced 
an artistic triviality as profound as its social im- 
pact. However, even film criticism is shaky in 
some of its formal descriptions; some miscon- 
ceptions about the filmic treatment of time will 
need to be righted before we can reach an ade- 
quate formal description of video (or television- 
as-an-art-form). 

In 1924 film was new and fascinated with 
itself. Dziga Vertov, out with his camera end- 


lessly walking, created Man With a Movie 
Camera and revealed the new possibilitics open 
to man’s cinextended perception. He called this 
mechanically extended perception “cine eye.” 
Through his viewfinder Vertov saw space cx- 
pand and contract and perspective shift with 
lens change. He found that time was under his 
control: crank the camera a little faster and it all 
slowed down. Film allowed man to experience 
what was hitherto beyond his perception — the 
malleability of space and time. However, others 
realized the corollary: to say that film extends 
perception is the same, in one sense, as saying 
that it distorts perception. Current followers of 
Vertov — say Jean-Luc Godard and Jim McBride 
— maintain a reflexive commentary in their films 
on the distortions of reality introduced by the 
filming process and our conditioned expecta- 
tions of it. In fact, the illusion of reality is only 
achieved by relatively large distortions of actual- 
ity. Vertov tells us what now seems obvious — 
that the matter of film is the manipulation of 
time and space. 

Intuitively, one might expect the manipula- 
tion of time to be the dominant formal charac- 
teristic of film — the illusion of movement after 
all is its primary difference from mere photo- 
graphy, and its primary use is in dramatic 
narrative which exists (barring several attempts 
at Aristotclian temporal unity such as Agnes 
Varda’s Cleo de 5 a 7) by tricking the time sense. 
Intuition is a bad guide in this case, however, 
since such a system of temporal illusion is the 
basis of all narrative art whatever. Much more 
to the point is the question of how film differs 
from other forms in its use of time. Film’s most 
characteristic means of temporal manipulation, 
parallel editing (The Maiden on the Railway 
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Track Rescue at Hand, phenomenon; or, Mean- 
while Back at the Ranch) is not intrinsic to film 
at all but derived from the Dickensian novel by 
Griffith and developed by Eisenstein. It, like 
most other conventions of film editing, is neces- 
sary to all flexible narrative forms and is found 
equally in most. The most purely filmic distor- 
tion of time — slow or fast motion — is seldom 
used and relatively obtrusive, a “tic” of certain 
directors and penchant of the inexperienced. 

. The basic problem of film editing is easily 
stated — what shot to use next? Eisenstein saw 
that the decision was not a purely narrative or 
temporal one — that certain shots “worked” and 
some did not and that this was determined not 
by narrative sequence but by the graphic, com- 
positional relationships of consecutive shots: ed- 
iting sequence follows spatial relationship. Thus, 
though film does inevitably alter both time and 
space, it is primarily space art. A visual Marxist 
like Eisenstein cut for graphic conflict while 


most directors cut for graphic similarity to ~ 


achieve smooth continuity. But composition 
rules the cut. Graphic space orders time. 


Video art, in contrast to film (and also to tele- 
vision which is mostly a feeble narrative reflec- 
tion of film), has suffered an arrested develop- 


ment. After 25 years of television, video art is 


entering its adolescence - still looking for its 


Dziga Vertov and vainly awaiting its Eisenstein. . 
Like film in its earliest period, video is in a phase - 


of self-examination or perhaps narcissism, ab- 
sorbed in its own processes. The difficulty for the 
viewer is the fact that these processes - so super- 
ficially like those of film ~ are really quite differ- 
ent; and the responses we bring to film are in- 
adequate and deceptive in relation to video. For 
example, for a long time I thought that the ap- 
parently clumsy editing of video pieces was a 
mere function of the mechanical difficulties of 
editing with existing equipment. The low-cost 
Y,” and 1” tape recording equipment used by 
most artists does display its instability particu- 
larly in editing. But I now suspect that I have 
been applying expectations derived from film, 
where spatial graphic continuity determines ed- 
iting, to video whose space/time structure makes 
such criteria meaningless. Classic editing techni- 
gue is to be found among video artists. Andy 
Mann, for instance, produces tapes of almost 
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vintage Eisensteinian montage. Most video ar~ 
tists who create such work support themselves 
by producing documentary tapes for business 
and organizations who demand film-like prod- 
ucts; and I suspect film conventions inevitably 
creep over into their other work. Now when I 
sce video of traditional film editing style it seems 
slightly out of place. The critics’ dilemma: how 
to avoid seeing “different” as “inferior.” 

In film the impression of movement is derived 
from a succession of frozen moments. In con- 
trast, the video image, even if each frame is 
examined, is all motion. Even a still video image 
is in motion — a single rapidly moving and 
constantly changing dot, one dot only, does all 
the work. The basic illusion of film is motion. 
The basic illusion of video is stillness. A detail of 
the video image may be located by pointing out 
where it is (as in film), but also by specifying 
its distance in time from any other point of the 
image. Any point on the image is both “where” 
and “when” or “wherewhen” from any other 
point. Video is quite literally a space /time 
machine. In this context the lack of the simple 
juxtaposition of shots characteristic of film 
editing is more comprehensible. Continuous 
motion or metamorphosis is the continuity line 
of most video art; an art of becoming rather 
than comparison, an art of time. 

Before exploring in more detail the space / 
time nature of video and its implications in the 
work of video artists, some of the ways video 
resembles film in its processing of reality should 
be considered. Godard has said that film is the 
truth 24 times a second, which is to say that it is 
a lie — unless truth really happens at that fre- 
quency. Video, then, is a lie 30 frames per 
second, or rather 60 “fields” a second since cach 
frame consists of two alternate fields of scan 
lines.* The intermittent nature of both film and 


*The repetition rate of video is not determined just by 
the persistence of vision but also by the line frequency 
of the electrical power-lines. Hence in North America 
film on video runs six frames per second faster than in 
the theater — but in Europe it runs the same speed, 
since the power-line frequency of 50 cycles per second 
gives 25 frames per second, which is equal to the 
established European cine-camera speed. 


video gives rise to the stagecoach wheel phe- 
nomenon, or “strobing.” Combine two periodic 
motions and you get an apparent motion pro- 
portional to the difference in rates. We have 
accepted this distortion in relation to rotary mo- 
tion, but cameramen are careful with panning 
and tilting rates across vertically or horizontally 
barred fields to avoid strobing effects that might 
destroy the illusion of reality. 

In both film and video, achieving realistic 
color requires some distortion of actuality and 
here we find a phenomenon of art that would 
have delighted Yeats. Video has become so 
widespread that public reality is modifying 
itself so as to look “real” on television. The 
announcer’s blue shirt was just the beginning. 
The decor of almost all public events is now 
chosen with an eye to the sensitivity of cathode 
ray tubes. The line /scan of the video picture is 
also an important factor in this context. Hori- 
zontal stripes have almost disappeared from 
public life since they react with the scan lines or 
“raster’’ on television to produce a disturbing 
moiré. A reality which cannot be comfortably 
facsimiled on television tends to drop out of 
public life. 

The nexus of image /reality is the catalyst ofa 
whole branch of video art that might mis- 
leadingly be called documentary, but is, I 
suspect closer to some sort of reality repair. 
Because of its low cost and immediate playback 
capabilities, video is becoming a major tool in 
psychotherapy and social action. Trapped as we 
seem to be in the cliché of alienation, we seek 
corroboration of our existence, and video is on 
its way to being a mirror for masses. The dis- 
placement of reality into the conventions of 
representation leads us to paraphrase Descartes — 
I appear on the screen, therefore I am. The key 
to therapeutic and activist use of video is found 
in the ambiguity of the word “image”. Thera- 
pists talk of the difficulty of their patients in 
generating a body image; activists have found 
that politics is the art of the body politic image. 
Glancing through the National Film Board’s 
Challenge for Change newsletter you catch a 
double refrain. People become real to bureau- 
crats only when they can document themselves 
within the conventions of television reality. 
And, even more basically, people only take their 
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own problems seriously and actively after they 
have been assured of their own reality by seeing 
themselves on television. Such image /reality 
inversions are not unique to video. What writer 
has not felt his self-image enhanced by secing 
his work in print? 

The ability of video to overwhelm our other 
reality indices is demonstrated by experiments 
that require subjects to perform simple tactile 
tasks while watching a slightly delayed recorded 
image of the action. Total confusion is the usual 
result. Even when one can feel an object, the 
image of the object is convincing enough to 


make us doubt our tactile sense. In the wider 
context of social response, few people who have 


seen a studio television production with live 
audience have failed to notice the audience pre- 
ference for watching the action on the studio 
monitors even though the original is immedi- 
ately before them. Two notable pieces recently 
shown in Toronto demonstrate video artists’ 
concern with the power of their medium to 
dominate reality; both share a major metaphor 
indicating a basic distrust of such domination. 
Elsa Tambellini’s piece Cats, shown at thie inter- 
national festival of women and film portrays caged 
tigers pacing nervously behind 300 bars. Live 
performers shooting each other with closed cir- 
cuit cameras and finally stringing rope bars be- 
tween the audience and its own picture on mon- 
itors, imprison first actors then audience in the 
medium [see p 38]. Juan Downey’s piece at the 
Electric Gallery traces the image of imprison- 
ment, or reality as medium, to its source in 
Plato’s Myth of the Cave. The image is somehow 
more actual than the action it emulates. Is it any 
wonder that psychiatry and politics talk so much 
of image? Pygmalion and Dorian Grey admon- 
ish from the mythic wings, 

However, I doubt that we should regard con- 
fusion of image and reality as pathological. That 
confusion surrounds one of the most  para- 
doxical and contentious issues of art. What is 
real in art? In film, graininess and greytone 
degradation ~ the side effects of low lighting and 
forced processing of newsreel footage — became 
conventions of a school of realism, the stamp of 
vérité on any film image. It is difficult to know 
to what extent Cinema Vérité looks like news- 
recl footage because of similar technical con- 
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straints, and to what extent it tries to produce a 
grainy and degraded image in the knowledge 
that the audience associates such an image with 
recordings of real events. In my experience the 
two are inextricably tangled. Clearly the con- 
vention is totally conscious in Godard’s Le 
Petit Soldat, or Les Carabiniers, films which dwell 
on our tendency to confuse conventional repre- 
sentations with the “real thing’’. The conquering 
heroes of Les Carabiniers return with postcards 
of conquered wonders as booty. They feel they 
have plundered the things themselves. The 
newsreel quality surface of the film presents us 
with the same dilemma as the heroes — is news- 
reel really real: 

Manipulation of the conventions of repre- 
sentation has by now become almost a cliché - 
the bread and circuses of intellectuals. Never- 
theless, the relation of art, conventional repre- 
sentation, and reality is perhaps the basic 
theoretical issue of modern art and has been so 
since the late nineteenth century. Does art 
imitate reality? Or does it create our very con- 
ception of the ultimately unknowable “out- 
there?” The issue is not substantially different in 
poetry, fiction, graphic art, film, or video. Video 
just accelerates this eternal dialectic of art. So 
Yeats argues: | 


That girls at puberty might find 

That first Adam in their thought 

Shut the door of the Popes chapel, 

Keep those children out. 

There on that scaffolding reclines 
Michael Angelo 

With no more sound than the mice make 
His hand moves to and fro 

Like a long legged fly upon the stream 
His mind moves upon silence. 


He refers of course to Michclangelo’s 
masterpiece of God creating Adam - The Touch. 
Yeats describes Michelangelo’s painting hand 
in relation to the picture as the same as the 
relation of God’s hand to Adam in the picture. 
Who then is the Prime Mover? Who created 
Adam? And God? Substitute Chic Young for 
Michelangelo and a half-tone screen for the 
brush, and Yeats gives birth to Andy Warhol. 
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Yeats never guessed that crass conventional 
forms of representing reality would be wide- 
spread or powerful enough to create “reality.” 
But further speculation on epistemological pro- 
blems common to all arts will not bring us 
closer to a description of those formal processes 
and possibilities that are unique to video — and 
just such a description is necessary before we can 
understand the field of intent and judge the 
execution of a piece of video art. 

It is difficult fully to comprehend that calling 
video an art of time is not a metaphorical 
statement but a literal description of the process 
of generating the video image, any video image. 
As I mentioned before, the image of video is an 
illusion; there is only one rapidly moving dot of 
varying intensity on the screen. In an ordinary 
television picture the dot scans regularly 
whether an image is present or not, generating 
the set of 525 lines called a raster. To produce an — 
image, one introduces a patterned modulation 
of the dot’s intensity as it races across the screen. 
The varying intensity of the beam is perceived 
as a range of grey tones from white to black. 
The critical point here is that the video image is 
sensitive. It is not fixed but responsive to outside 
control and alteration at any point in its scan. 
Thus the essential nature of the video artist is 
quite different from that of the film artist who 
seizes discrete frozen images. The video artist 
controls or intervenes strategically in an ongoing 
process. Clearly, the aesthetic and critical im- 
plications of this distinction, in relation to the 
typical concerns of most video artists, are sweep- 
ing. 

Perhaps the simplest and most obvious con- 
cern of video art is with the nature of “process” 
itself, and with the paradoxes and illusions of 
time on which the concept rests. Consider, for 
example, the multiple tape-delay environments 
which have fascinated so many video artists. 


The. simplest form of tape-delay is familiar to 


broadcast television viewers; the instant replay 
has transformed sports viewing. But few sports 
enthusiasts realize how an extension of this 
technique can break down the conventions of 
time, and cause and effect.* Video, unlike film, 
requires no processing; it may record a live 
event on one machine and. play it back simul- 
taneously with varying delays by passing the 
tape through playback decks at various distances 


from the recording machine. Moreover, while 
the tape by its nature must pass in progression 
from one machine to the next, the displays from 
these playbacks may be arranged so that the 
viewer experiences them out of their normal 
temporal order. Most tape-delay pieces multiply 
these time-windows and often scramble their 
sequence so as to attack our conventional sense 
of time. It requires very little in these environ- 
ments for the viewer-actor to lose track of the 
present - even though the screens may be 
portraying his own actions. Present, past and 
future become arbitrary, cause and effect absurd. 
The environmental pieces of Woody and Steina 
Vasulka pursue the paradoxes of reality a step 
further. Again, multiple presentation of image is 
used, but now the same image is displayed 
moving uniformly across the screen so that it 
appears to enter at one side and leave the other. 
Strings of screens placed next to each other give 
the impression at first that the image is moving 
from one screen to the next, but soon the images 
seem to stand still leaving the viewer with the 
impression that the whole environment is 
accelerating across the field of the image like the 
sensation of a train pulling out of a station: a 
concrete representation of the paradoxes of 
Einsteinian physics — relativity art. (Michael 
Hayden has remarked to me that he responded 
to neon signs and theater marquees in this way 
and I suspect we can anticipate relativity effects 
in three dimensions in his projected Waves 
video /computer project.) 

Obviously in all such pieces the viewpoint and 
reactions of the viewer are an essential part of 
the work itself — these trees make no sound as 
they fall in an empty gallery. An interlocked 
loop tends to form of the video process and the 


* A length of film or tape represents a temporal 
separation of recorded events. That is, since videotape 
moves through the playback deck at approximately 
714 inches per second and 16 mm film through the 
projector at 40 /24 feet per second, an event separated 
in time from another by one second is separated in 
distance by 714 inches or 40/24 feet respectively. If we 
use several playbacks, displayed continuously and 
simultaneously, of the same tape or film, the distance 
between the machines will determine the temporal 
separation between the images. Any image appearing 
on one display will eventually appear on the next; 
the intervening time being determined by the dis- 
tance that point on the tape or film has to travel to the 
next deck or projector. Film, however, cannot be 
recorded and played back simultaneously. It must be 
sent away for processing. 
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viewer’s physiological process, and hence a dif- 
ferent viewing style is required. The viewer 
must become part of the process of what he 
views, and this requires a much longer attention 
span than the usual scan of graphic art, or the 
fitful attention of narrative film. Physiological 
process video operates on a longer time scheme 
than most other experimental forms and seems 
merely boring if not pursued to the point of 
object/observer fusion. (Luckily for artists 
studying physiological process, videotape is 
cheap — their work would be prohibitively ex- _ 
pensive, even if possible, in film format.) Any- 
one experimenting with video in any form is 
likely to chance on physiological interaction 
patterns incidentally. I have noticed that vivid 
color hallucinations may be produced by pulsing 
different parts of a video image at different 
rates. Many people will see such a black and 
white picture in vivid (if unpredictable) color. 
Interestingly, there seems to be some positive 
correlation between intensity of color halluci- 
nation and the incidence of night blindness. 
Sadly, I don’t hallucinate colors at all. 


Feedback 


In imitation of physiological systems, an image 
that is responsive to control can become re- 
flexive — self-controlling or regulative. This 
possibility gives risc to perhaps the purest line of 
video art: feedback patterning. “Feedback” in 
this usage is a technical term, designating the 
procedure of connecting camera and display- 
monitor in a loop, the camera photographing 
the display and feeding the result back into the 
same display. If, for example, a camera is photo- 
graphing its monitor and projecting this image 
via its monitor, and the camera is then tilted, 
the monitor will be receiving a tilted image of 
itself - but this new image will contain the 
upright image of the monitor that was already 
on the screen before tilting the camera: there is 
no hiatus. The resulting image thus appears as a 
kind of superimposition; and with every subse- 
quent alteration of the system the image will 
accumulate, generating an echo-corridor pattern 
which rapidly transforms itself into the mandala- 


like imagery typical of much feedback work. It 


is through step-by-step control of this cumula- 
tive property of the feedback system that feed- 
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back images are constructed. Images may be 
injected into the loop from other cameras or 
tape machines, or by placing objects between 
the camera and the screen; but even without 


external image intervention the system is itself 
a source of almost infinitely varying patterns, 


merely echoing the shape of the screen and the 
texture of the scan raster. 


Synthesis 


In feedback, we reach the limit of talking about 
the video image as image. A fecdback image is 
not a picture of anything finally; it is a balance 
of purely electronic forces below the threshold 
of perception. It is our entrance into that very 
specialized branch of video called image syn- 
thesis, in which the images are not records but 
creations achieved by manipulating the basic 
electronic forces at work in video cameras and 
displays. The term “synthesis” is familiar in the 
context of electronic music and the Moog syn- 
thesizer - or even in relation to chemistry or 
physics. Before a pure synthesis of anything is 
possible we must have a set of basic forms, forces, 
or building blocks from which to start. We do 
not synthesize a house from walls and roof but 
from board, brick and nails. Only when such 
basic units are established by analysis can we 
decide on a system of inter-relation which will 
lead us to the desired final product. If you don’t 
analyse to small enough basic units you limit the 
variety of end products— witness the prefab 
house. 

In electronic media the basic units are not 
‘tangible shapes or forms but forces ~ electrical 
energy: complex patterns of energy are built by 
inter-relating simple ones just as in more con- 
crete forms of synthesis. In this context, how- 
ever, the methods of inter-relating energy forms 
are of greater and more critical interest because 
they bear directly on the fundamental concepts 
of all art- analogy and metaphor. To control 
one thing with another is the simplest case of 
what we call analogy; a successful analogue 
relationship may result in a fusion which we 
could call a metaphor. To create complex pat- 
terns of energy one simply uses one aspect of 
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one simple form to control or alter an aspect of 
another simple form. Very complex pattcrns 
may be produced by elaborating the stages of 
control and relationship. Anyone who has used 
a Spirograph knows how to operate an ana- 
logue computer. 

A deepening fascination with the processes of 
analogy is easy to detect in the background of 
most video artists. Some, of course, came to 
video from film or the graphic arts, but the 
majority had some involvement in the light- 
show movement of the 60s, and moved through 
an interest in electronic music before working 
in video. The drive of lightshows was fairly 
simple; a quest to give a visual impression of 
sound. The full significance of that drive, as an 
exploration of the central mystery of metaphor 
and symbol, and hence of art, has only become 
clear in artists’ successive absorption in electronic 
music and video. 

The lightshow is a single term analogy; image 
is controlled so as to be analogous to the music. 
Eisenstein grapples with this concept in his 
theorizing on the use of sound in film. He tends 
to reject simple, positive one-to-one correspond- 
ence as too mechanical and prefers a negative 
counterpoint relationship, not noticing that a 
negative relationship is cqually an analogy as is 
a positive. It is not the valence of relationship 
that matters, but its complexity; most mceta- 
phors are interlocking analogue systems of great 
complexity. The search for methods and princi- 
ples of relationship secins to have intuitively at- 
tracted artists to electronic music and the Moog 
synthesizer, which builds up complex sound pat- 
terns out of the inter-action of simple electronic 
waveforms; and then finally to video synthesis 
where both image and sound may be analysed ac- 
cording to basic waveforms which in interaction 
with one another may produce literally any 
sound/image. Study of artists concerned with 
the analogue process seems to have led an intui- 
tive critic like Gene Youngblood to create what 
can be seen as an aesthetic of analogy: he calls 
most avant-garde video art “synaesthetic.”” Un- 
fortunately, his aesthetic is partisan and value- 
based. and fails to reveal the connection between 
the arts of complex analogy and the more gen- 
eral process of metaphor at work in all art. 


Video synthesis proceeds along two lines - 
direct synthesis, which creates patterns by direct 
manipulation of time without any external in- 
put; and indirect or image-buffered synthesis 
which modulates input from an external source. 
Synthesizers developed by Eric Segal and Steven 
Beck work on the direct system; machines de- 
veloped by Nam June Paik, Steve Rutt and Bill 
Etra work on indirect principles. For direct syn- 
thesis, imagine the raster of scan lines of the 
video image as a time track. Switching the beam 
intensity in varying time intervals will result in 
basic geometric patterns on the screen. These 
simple patterns can be claborated by feedback 
into ever more complex shapes. Steven Beck's 


synthesizer starts from the very simple basis of ~ 


generating two vertical and two horizontal lines, 
the positions of which may be changed by 
changing the time constants which determine 
their positions; and simple logic circuits can 
cancel the lines, leaving only the dots where they 
cross. A combination of external control on line 
position (each line may be made to move in 
analogy to a separate outside control) and feed- 
ing the image back on itself results in both deli- 
cacy of control and amazing complexity. 

The indirect method of synthesis stems from 
Nam June Paik’s early experiments in magnetic 
distortion of the video image. Since the raster of 
scan lines of the video tubes is generated by 
magnetic deflection of a single beam of elec- 
trons, any outside magnetic field will distort the 
scan field and any image it carries. Paik started 
by using permanent magnets which introduced 
a stable distortion to all images displayed on the 
altered set, but finally tapped into the deflection 
coils of the set itself so that he could introduce 
special distortions by means of an external con- 
trol system. Rutt and Etra’s design extends 
Paik’s design by incorporating a separate de- 
flection amplifier designed to permit modula- 
tion by outside control signals rather than by 
tapping into the somewhat crude deflection 
circuitry of the display monitor. The Rutt /Etra 
design gives analogue control over size and 
shape of picture, tonal structure of image, and 
spatial distortion on three axes. Its capabilities 
outrun those of the very expensive and inflexible 
digital computer systems currently in use to pro- 
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duce graphics for broadcast television. 

It is tempting to see the technical problems of 
video synthesis as essentially solved. Combina- 
tions of the different synthesizer types give ana- 
logue control access to almost all dimensional 
aspects of the video image. Work remains to be 
done on electronic color, switching, keying and 
special effects — some of which is going ahead in 
Canada in my laboratory at Brock University, 
St Catharines, Ontario.* Still, when all the tech- 
nical work is done onc has merely established a 
certain possibility- the equivalent of a brush, a 
chisel, a musical instrument. It remains for 
artists to create human and significant metaphors 
with this analogue capability, and for critics to 
find descriptive terms that illumine their con- 
cerns, 


Anyone wishing a copy of our first technical bulletin, a — 
30 minute videotape outlining the state of the art in 
helical scan video equipment, send 4” or 1” videotape 
plus $5 dubbing fee (if no tape is available, send $20) 
to: Video Support Project, 36 Decew Road, R.R. 1, 
St. Catharines, Ontario. (Specify English or French 
version.) | 
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SPACE-TIME DYNAMICS IN VIDEO FEEDBACK 


Physica, 1984 


James P. 


Crutchfield* 


Video feedback provides a readily available experimental system to study complex spatial and temporal dynamics. This 
article outlines the use and modeling of video feedback systems. It includes a discussion of video physics and proposes two 
models for video feedback dynamics based on a discrete-time iterated functional equation and on a reaction—diffusion partial 
differential equation. Color photographs illustrate results from actual video experiments. Digital computer simulations of the 
models reproduce the basic spatio-temporal dynamics found in the experiments. 


1. In the beginning there was feedback 


Video technology moves visual information 


from here to there, from camera to TV monitor. | 
What happens, though, if a video camera looks at 


its monitor? The information no longer goes from 
here to there, but rather round and round the 
camera—monitor loop. That is video feedback. 
From this dynamical flow of information some 
truly startling and beautiful images emerge. 

In a very real sense, a video feedback system is 
a space-time simulator. My intention here 1s to 
discuss just what is simulated and I will be implic- 
itly arguing that video feedback is a space-time 
analog computer. To study the dynamics of this 
simulator is also to begin to understand a number 
of other problems in dynamical systems theory [1], 
iterative image processing [2], cellular automata, 
and biological morphogenesis, for example. Its 
ready availability, relative low cost, and fast 
space-time simulation, make video feedback an 
almost ideal test bed upon which to develop and 
extend our appreciation of spatial complexity and 
dynamical behavior. 

Simulation machines have played a very im- 


*Permanent address: Physics Department, University of 
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portant role in our current understanding of dy- 
namical behavior [3]. For example, electronic 
analog computers in their heyday were used exten- 
sively to simulate complex behavior that could not 
be readily calculated by hand. They consist of 
function modules (integrators, adders, and multi- 
pliers) patched together to form electronic feed- 
back networks. An analog computer is set up so 
that the voltages in different portions of its cir- 
cuitry evolve analogously to real physical variables. 
With them one can study the response and dynam- 
ics of a system without actually building or, per- 
haps, destroying it. Electronic analog computers 
were the essential simulation machines, but they 
only allow for the simultaneous computation of a 
relatively few system variables. In contrast, video 
feedback -processes entire images, and does so 
rapidly. This would require an analog computer of 
extremely large size. Video systems, however, are 
not as easily broken down into simple function 
modules. But it is clear they do simulate some sort 
of rich dynamical behavior. It now seems appropri- 
ate that video feedback take its proper place in the 
larger endeavor of understanding complex spatial 
and temporal dynamics. | 

Cellular automata are the simplest models avail- 
able for this type of complexity. Their study, 
however, requires rapid simulation and the ability 
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to alter their governing rules. Video feedback does, 
in fact, simulate some two-dimensional automata 
and rapidly, too. With a few additions to the basic 
system, it can easily simulate other rules. Thus 
video feedback has the potential to be a very fast 
and flexible two-dimensional automata simulator. 
The dynamics of cellular automata are governed 
by local rules, but video feedback also allows for 
the simulation of nonlocal automata. At the end, I 
will come back to these possibilities and describe 
how simulations of cellular automata, and their 
generalization to nonlinear lattice dynamical sys- 
tems, can be implemented with video feedback. 

This is largely an experimental report on the 
dynamics of a physical system, if you like, or a 
simulation machine, called video feedback. My 
intention is to make the reader aware of the 
fascinating behavior exhibited by this system. In 
order to present the results, however, section 2 
includes the necessary background on the physics 
of video systems and a very straightforward de- 
scription of how to start experimenting. An im- 
portant theme here is that the dynamics can be 
described to a certain extent using dynamical sys- 
tems theory. Section 3 develops those ideas and 
proposes both discrete and continuous models of 
video feedback dynamics. The experimental re- 
sults, then, take the form in section 4 of an 
overview of a particular video feedback system’s 
behavior and several snapshots from a video tape 
illustrate a little bit of the dynamical complexity. 


2. Video hardware 


In all feedback systems, video or other, some 
portion of the output signal is used as input. In the 
simplest video system feedback is accomplished 
optically by pointing the camera at the monitor, as 
shown in fig. 1. The camera converts the optical 
image on the monitor into an electronic signal that 
is then converted by the monitor into an image on 
its screen. This image is then electronically con- 
verted and again displayed on the monitor, and so 
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Fig. 1. Single video feedback. Information flows counter- 
clockwise through the electronic and optical pathways. 


on ad infinitum. The information thus flows in a 
single direction around the feedback loop. In fig. 1 
the image information flows in a counterclockwise 
loop. This information is successively encoded 
electronically, then optically, as it circulates. 

Each portion of the loop transforms the signal 
according to its characteristics. The camera, for 
example, breaks the continuous-time optical signa! 
into a discrete set of rasters thirty times a second. 
(See fig. 2.) Within each raster it spatially dissects 
the incoming picture into a number of horizontal 
scan lines. It then superimposes synchronizing 
pulses to the electronic signal representing the 
intensity variation along each scan line. This com- 
posite signal drives the monitor’s electron beam to 
trace out in synchrony the raster on its phosphor 
screen and so the image is recontructed. The lens 
controls the amount of light, degree of spatial 
magnification, and focus, of the image presented to 
the camera. 

Although there are many possible variations, in 
simple video feedback systems there are only a few 
easily manipulated controls. (See table I.) 
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Fig. 2. Video raster with arrows indicating the direction of 
scanning. Solid lines correspond to when the electron beam is 
on; the dashed lines when the beam is off during the retrace 
time. (b) Since the raster defines the horizontal, in a feedback 
system the relative orientation as shown of the camera and 
monitor is an important control parameter. 


The optical controls provide gross spatial trans- 
formations of the image seen by the camera. Zoom, 
available on most modern color cameras, con- 
veniently allows for spatial magnification or 
demagnification. The same effect can be produced 
using a camera without a zoom lens by moving it 
closer to or further from the monitor. Focus con- 
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trols image sharpness by moving the focal plane in 
front or behind the camera tube’s image target. 
The total amount of light admitted to the camera 
is set by the f/stop or iris control. When pointing 
the camera at the monitor the relative position, or 
translation, of the raster centers and the relative 
angle, or rotation, (fig. 2b) are important controls. 

Electronic transformation of the signal occurs in 
both the camera and the monitor. The sensitivity 
of the camera’s tube is adjusted by a light level 
control. Some cameras also provide for /uminance 
inversion that inverts the intensity of the color 
signals. When switched on, this allows one, for 
example, to view a color negative print with the 
camera as it would appear in a positive print. The 
image intensity can be adjusted again on the 
monitor with the brightness. The contrast controls 
the dynamic range of the AC portion of the 
intensity signal. On color monitors the amount of 
color in the image is set by the color control and 
the relative proportion of the primary colors 
(red—green—blue) is governed by the hue. 

While the effect of each individual adjustment 
can be simply explained, taken together they 
present a formidable number of control variables 


Table I 
Typical contro] parameters on color video feedback 
Name Function 
Optical 
zoom spatial magnification 
focus image clarity . 
fistop attenuates incident light levei 
rotation | relative angle of monitor 


and camera rasters 


translation 


relative position of monitor 


and camera raster centers 


Electronic 

Camera 
light level 
luminance inversion 


adjust sensitivity of camera pickup tube 
inverts intensity signal for each color 


Monitor 
brightness varies overall intensity signal 
contrast amplifies dynamic range of intensity 
color attenuates color signals to black and white 
hue relative signal strength of colors 
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that can interact nontrivially. These problems will 
be considered in greater detail in the ensuing 
discussion of TV theory and possible mathematical 
models of feedback dynamics. This section now 
ends with a “cookbook”’ procedure for setting up 
a feedback system. 

Although the detailed and quantitative dynam- 
ics will vary with the specific equipment used, my 
experience indicates that almost all servicable cam- 
eras and monitors will give some interesting behav- 
ior. This may require some patience as there are a 
number of controls to be properly set. But once 
‘tuned up’’ a system will exhibit complex and 
striking imagery in a reasonably wide control 
range. For the movie [4] and pictures described 
later the camera used was a Sony Trinicon HVC- 
2200 and a Sony Trinitron TV/Monitor KV-1913*. 

A typical start-up procedure might be as follows: 

1) Connect equipment as shown in fig. 1. 

2) Place camera five to six feet from monitor. 
The distance will depend on the monitor screen size 
and is not that important if the camera has a zoom 
lens. 

3) Point camera at some object other than the 
monitor. Adjust camera and monitor controls to 
give a good image on the monitor. Vary these 
controls to get a feeling for their effect on the 
image. 

4) Now turn the camera to face the monitor. 

5) Again adjust the camera controls, especially 
the zoom and focus, noting their effect. A warning 
is necessary at this point: it is not a good idea to 
let the camera see any steady very bright image for 
more than 10 to 20 seconds**. Bright, dynamic 
moving images are generally OK. 

6) Adjust camera on its tripod so that it can be 
tilted about its optical axis. 

7) Point the camera again at the monitor, focus 


* The cost for this space-time simulator is a little over $1000, 
approximately a cheap home computer. 

** Some new cameras incorporate “burn proof” camera 
tubes. They are much less susceptible than earlier cameras to the 
image “burn” that can permanently damage the tubes. Cau - 
tion should still be exercised. Excessively bright images will 
shorten tube life. 
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on the monitor front, and zoom in enough so that 
the “‘first” image of the monitor front fills 90% of 
the screen. 

8) Slowly tilt the camera trying to maintain the 
camera point at the screen’s center. On almost all 
tripods this will take some fiddling and read- 
justment. Try zooming in at various rotation an- 
gles between 20 and 60 degrees. 


Another important element in this is the am- 
bient light level. Some behavior is quite sensitive 
to, or will not appear at all if, there is any external. 
source of light. Although, a flashlight, candle, or a 
quick flip of the light switch, can be good hght 


_ sources to get the system oscillating again if the 


screen goes dark. 

With this short description and a modicum of 
patience the experimenter has a good chance of 
finding a wealth of complex and fascinating spatial 
and temporal dynamics. 


3. Toward a qualitative dynamics 


In the beginning, I argued that a video feedback 
system is a space-time simulator. But a simulator 
of what exactly? This section attempts to answer 
this question as concretely as possible at this time. 
A very useful tool in this is the mathematical 
theory of dynamical systems. It provides a consis- 
tent language for describing complex temporal 
behavior. Video feedback dynamics, though, is 
interesting not only for the time-dependent behav- 
ior but also for its complex spatial patterns. In the 
following section I will come back to the question 
of whether current dynamical systems theory is 
adequate for the rich spatio-temporal behavior 
found in video feedback. 

This section introduces the qualitative language 
of dynamical systems [5], and then develops a set 
of discrete-time models for video feedback based 
on the physics of video systems. At the section’s 
end I propose a continuum model akin to the 
reaction-diffusion equations used to model chem- 
ical dynamics and biological morphogenesis. 


Dynamic, time-dependent behavior is best de- 
scribed in a state space. A particular configuration, 
or state, of a system corresponds to a point in this 
‘space. The system’s temporal evolution then be- 
comes the motion of an orbit or trajectory through 
a sequence of points in the state space. The dy- 
namic is the collection of rules that specify the 
evolution from each point to the next in time. In 
many cases these rules can be simply summarized 
as transformations of the state space to itself by 
iterated mappings or by differential equations. 

As will be seen shortly, video feedback is a 
dissipative dynamical system. This means that on 
the average “‘volumes’”’ in the state space contract, 
or in physical terms, that energy flows through the 
system and is lost to microscopic degrees of free- 
dom. This property limits the range of possible 
behavior. Starting from many different initial 
states, after a long time the system’s evolution will 
occupy a relatively small region of the state space, 
this is the system’s attractor*. An attractor is 
globally stable in the sense that the system will 
return if perturbed off the attactor. Different initial 
conditions, even states very near each other, can 
end up on different attractors. The set of points, 
though, that go to a given attractor are in its basin 
of attraction. The picture for a particular dynam- 
ical system is that its state space is partitioned into 
one or many basins of attraction, perhaps in- 
timately intertwined, each with its own attractor. 

Very roughly there are three flavors of attractor. 
The simplest is the fixed point attractor. It is the 
analog to the physicist’s notion of equilibrium: 
starting at various initial states a system asymp- 
totically approaches the same single state. The next 
attractor in a hierarchy of complexity is the limit 
cycle or stable oscillation. In the state space this is 
a sequence of states that is visited periodically. 


* Unbounded or divergent behavior can be interpreted as an 
attractor at infinity. 

** For simplicity’s sake, I have not included the predictable 
torus attractor. It is essentially the composition of periodic limit 
cycle attractors. 


JAMES P. CRUTCHFIELD 


The behavior described by a fixed point or a 
limit cycle is predictable: knowledge of the system’s 
state determines its future. The last type** of 
attractor, that is in fact a very broad and rich class, 
gives rise to unpredictable behavior. These are the 
chaotic attractors. While globally stable, they con- 
tain local instabilities that amplify noise, for exam- 
ple. They also have extremely complex orbit struc- 
ture composed of unstable periodic orbits and 
aperiodic orbits. 

An important branch of dynamical systems the- 
ory concerns how one attractor changes to an- 
other, or disappears altogether, with the variation 
of some control parameter. The motivation for this 
line of inquiry is clearly to model experimentalists’s 
control over their apparatus. A bifurcation occurs 
when an attractor changes qualitatively with the 
smooth variation of control parameter. Changing 
controls corresponds to moving along a sequence 
of different dynamical systems. In the space of all 
dynamical systems, the sequences appear as arcs 
punctuated by particular control settings at which 
bifurcations occur. It is now known that these 
punctuations can be quite complex: continuous 
arcs themselves or even Cantor sets or fractals. The 
physical interpretation of these possibilities is very 
complex sequences of bifurcations. Thus dynam- 
ical systems theory leads us to expect not only 
unpredictable behavior at fixed parameters, but 
complex changes between those chaotic attractors. 

With modifications much of this qualitative pic- 
ture can be carried over to the dynamics of video 
feedback. It is especially useful for describing the 
context in which the complex behavior arises. In 
the following I also will point out possible inade- 
quacies of the naive application of dynamical 
systems. 

A single state of a video feedback system corre- 
sponds to an entire image, on the monitor’s screen, 
say. The state 1s specified not by a small set of 
numbers, but rather a function /(xX); the intensity 
at points X on the screen. The dynamics of video 
feedback transforms one image into another each 
raster time. The domain of the intensity function 
I(X) is the bounded plane, whereas the domain of 


195 


EIGENWELT DER APPARATEWELT 


the dynamics is the space of functions or, simply, 
the space of images. 

This picture can be conveniently summarized by 
introducing some notation. The monitor screen is 
the bounded plane R? =[— 1, 1] x [—1, 1] where 
the coordinates of a point x take values in the 
range [ — 1, 1]. With this convention the center of 
the screen is (0, 0). For the incoherent light of video 
feedback, there is no phase information and so 
intensity is all that is significant. The appropriate 
mathematical description of an image’s intensity 
distribution is the space of positive-valued func- 
tions. We will denote the space of all possible 
images by ¥. The video feedback dynamic then is 
a transformation T that takes elements J in ¥ to 
other elements: T: F ~F¥ :Itol’. 

The task of modeling video feedback is now to 
write down the explicit form of 7 using our 
knowledge of video system physics. To simplify 
matters, I will first develop models for mono- 
chrome (black and white) video feedback. With 


color systems the modeling is complicated by the 
existence of three color signals and the particular 
camera technology. Once the monochrome model 
is outlined, however, it is not difficult to make the 
step to color. 

The construction of the monochrome model 
requires more detailed discussion of the electronic 
and optical transformations in the feedback loop. 
Fig. 3 presents the schematic upon which this 
model is based. With the physics of these trans- 
formations as discussed in the appendix, a rela- 
tively complete model can be constructed. 

The appendix reviews the operation of the com- 
mon vidicon camera tube, how it (i) stores and 
integrates images and (ii) introduces a diffusive 
coupling between picture elements. These attri- 
butes impose upper temporal and spatial frequency 
cutoffs, respectively. The focus turns out to be an 
easily manipulated control of the spatial diffusion 
rate. The monitor’s phosphor screen also stores an 
image but for a time negligible compared to that 
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Fig. 3. Idealized monochrome video feedback. A: photoconductive image target; B: pickup for video signal; C: camera electron beam; 
D: scanning coils for electron beams; E: phosphor screen; F: beam intensity modulator; G: monitor electron beam. 
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of the vidicon. The appendix indicates various 
deviations from the ideal video feedback system of 
fig. 3. 

With the physics and electronics of video sys- 
tems in mind, the details of the transformation T 
can be elucidated for the monochrome model. The 
first and perhaps most significant assumption, is 
that 7 be taken as a discrete-time transformation 
of a spatially continuous function, the image J,, 


fiai = Th). 


Employing a “bias intensity”, the intensity at a 
point /,(%) can be scaled to take values in the range 
{— 1,1]; —1 being black and 1 white. For com- 
parison at the end of this section, I consider how 
a continuous time and space model can be applied 
to video feedback using reaction—diffusion equa- 
tions. 

The new image /,,, consists of two parts: the 
first, the ‘old image” stored in the photo- 
conductor, and the second, the “incoming image”’ 
from the monitor screen. This, and the process of 
successive feedback of images, can be expressed as 
an iterated functional equation. The first model of 
the dynamic T is the following 


T,4(%) = LL(X) + sfl(bRX), (1) 


where x is a point in R*. The first term represents 
the old image whose intensity at the point x has 
decayed by a factor of L each time step. Thus L is 
the intensity dissipation of the storage elements, 
including the monitor phosphor, but dominated by 
the photoconductor. The second term represents 
the incoming image that is possibly rotated by an 
angle ¢ and spatially magnified by a factor b. R is 
then a simple rotation, 


_[{ cos(p) — sin(d) 
a nent mn 


due to the relative raster orientations; 6 corre- 
sponds to the zoom control. If *’ = bRX hes out- 
side of R? then J,(%’) = 0. The parameter fe[0, 1] 
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corresponds to the f/stop. For a system with 
luminance inversion black regions become white 
and vice versa. -To take this into account the 
parameter s is set to —1, rather than its normal 
value of unity. 

Spatial diffusion due to the photoconductor, but 
largely controlled by focus, contributes to the 
intensity at a point. It produces a spatial coupling 
to neighboring pixels that can be represented con- 
tinuously by the following convolution integral: 


> 


ee ree =|p =) 
(LAX) x = [ero exp 5 (2) 


assuming a Gaussian shape for the diffusion 
profile. The denominator in the exponential con- 
trols the width of the smoothing with o; represent- 
ing the focus control and oa, the intrinsic smoothing 
in the vidicon. 

A more complete model including the major 
features of video feedback systems is the following: 


Ina (&) = LI(%) + LUA), + Sf1(bR%), (3) 


with the parameter L’ setting the magnitude of the 
intensity signal contributed (or leaked) to that at x 
during one raster time. 

Furthermore, the first term in eq. (3) can be 
modified to include the temporal storage and inte- 
gration of images and their successive decay. This 
can be effected by a weighted sum of past images, 


CIWG8)).= Y fy ADL! 


where the decay parameter L is the same as above. 
This gives equations corresponding to the video 
feedback systein as laid out in fig. 3, 


I, + (x) = LiL (%)), LCL AX)) x a SfI(BRX) . (4) 
For a color system the scalar intensity becomes 


a vector of red, green, and blue intensities, 
I(x) = (R(X), G(X), B(X)). There are also cou- 
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plings between the colors caused by a number of 
interactions and imperfections, such as 

1) incorrect convergence of the monitor electron 
beams on the screen phosphor color dots; 

2) non-ideal color filters and differential 
diffusion rates for the photoelectrons in the vid- 
icon; 

3) aberration in the optical system; _ 

4) electronic cross-talk between the color signals 
in pickup, amplification, and reconstruction, of the 
image. 

A model for color feedback can be developed as 
an extension of eq. (4) based on the evolution of 
a vector intensity if 


T,4.(%) = LC(%)), + LCT (8), + SfT, (BRE), (5) 


where [ and L’ are matrices. Their diagonal 
elements control the color intensity decay, while 
their off-diagonal elements the coupling of the 
color signals. In a first order approximation, this 
model summarizes the various couplings only lin- 
early although it is clear that nonlinear couplings 
could be added. 

Along the same lines a continuous-time model 
can be developed that for many purposes Is easier 
to study. This also allows for the comparison of 
video dynamics to other work on spatial complex- 
ity in biological and chemical systems. The type of 
model proposed here is generally called a 
reaction—diffusion partial differential equation. 
A.M. Turing introduced this kind of system in 
1952 as a model for biological morphogenesis [6]. 
The general form of these equations is 


7, =ee r 
“ = F(I)+ DVI (6) 


for the evolution of the “field” 7 = ¢ Ap Sees 
of concentration variables. The function 
F= (F, F,,..., F,) represents the local “reaction” 
dynamics of these variables without diffusion. D is 
a matrix describing the spatial coupling and 
diffusion rate of the concentration variables. For 
linear F, Turing showed that this system gives rise 
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to spatial patterns that can oscillate temporally. He 
also considered the addition of a noise term and its 
effect on the selection of spatial patterns. 

These equations naturally take into account 
spatial diffusion with the Laplacian operator on 
the RHS of eq. (6). Furthermore, the continuous 
time derivative and the local reaction dynamics can 
be used to implement a temporal low pass filter. 
Thus. reaction—diffusion models can be construc- 
ted that satisfy the basic criteria already laid down 
for video feedback. Video feedback differs from 
Turing’s reaction—diffusion models because of a 
nonlocal spatial coupling resulting from the spatial 
rotation and magnification. In direct analogy with 
the previous arguments, the proposed reaction— 
diffusion equation for color video feedback dy- 
namics 1s 
ae) = F(X) + sf1(bRX) + oV71(2), (7) 


where the parameters s, f, b, L, and R, are as 
before, and o is a matrix summarizing the spatial 
diffusion rate. The first term on the RHS of eq. (7) 
is the ‘old image’’, the next term is the nonlocal 
“incoming image’, and the last is the diffusion 
coupling. For spatial structure and temporal be- 
havior well below the spatial and temporal fre- 
quency cutoffs discussed above, this model should 
be valid. As will be seen in the next section, 
video feedback dynamics has very similar phenom- 
enology to that of chemical and biological systems 
described by this type of model. The 
reaction—diffusion model provides a conceptual 
simplicity as well as simpler notation. In fact, video 
feedback can be used to experimentally study 
this widely used class of models for spatio- 
temporal complexity. 

The previous iterated functional equation model 
eq. (4) can be derived from eq. (7) upon dis- 
cretization. Eq. (7) is the differential form of eq. 
(4), an integro-functional difference equation. A 
digital computer simulation of this continuum 
model naturally involves spatial and temporal dis- 
cretization. Thus, as far as verifying the models by 


digital simulation, it is a moot point as to which is 
better, the iterated functional equation or 
reaction—diffusion model. 

Having constructed these models, the burning 
question is whether their dynamics describe that 
actually found in real video feedback systems. For 
the very simplest behavior there is hope that the 
equations can be solved analytically. In general, 
though, simulating the models in a more controlled 
environment on a digital computer, for example, 
seems to be the only recourse [7]. After describing 
the dynamics typically observed in a real video 
feedback system in the next section, I will come 
back to the results of just such a digital simulation. 


4. Video software 


The models and discussion of video physics in 
the last section may have given an impression of 
simplicity and straightforwardness in under- 
standing video feedback dynamics. The intent in 
this section is to balance this with a little bit of the 
richness found in an actual color video system. An 
overview of the observed dynamics will be 
presented initially from a dynamical systems view- 
point. I will also address the appropriateness of 


Table I 

Video feedback dynamics 
Observed 

equilibrium image 
temporally repeating images 
temporally aperiodic images 


random relaxation oscillation 


spatially decorrelated dynamics 
(e.g. dislocations) 


spatially complex image 


spatially and temporally aperiodic 
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this framework for some of the more complex 


dynamics. Then a brief description of a movte on 
video feedback follows. Stills from the movie illus- 
trate some of the curious features of video feed- 
back dynamics. And finally, these ““experimental”’ 
results will be compared to those from preliminary 
digital computer simulations. 

Video feedback dynamics can be roughly catego- 
rized as in table IJ. For the simplest temporal 
behavior, descriptive terms from dynamical sys- 
tems seem appropriate as in the first four behavior 
types. At first, let’s ignore any possible spatial 
structure in the images. When a stable time- 
independent image is observed, it corresponds to a 
fixed point in the image space ¥. Much of the 
behavior seen for wide ranges of control parame- 
ters falls into this category. 

Thus on the large scale video systems are very 
stable, as they should be in order to operate 
properly in a wide range of environments. For 
extreme parameter settings, such as small rotation, 
low contrast, large demagnification, and so on, 
equilibrium images are typically observed. For 
example, when the zoom is much less than unity 
then one observes an infinite regression of succes- 
sively smaller images of the monitor within the 
monitor within.... The image is similar to that 


Attractor in image space 


- fixed point 


limit cycle 
chaotic attractor 
limit cycle with 
noise-modulated stability 
quasi-attractor with 
local temporal dynamics: 
fixed point 
limit cycle 
chaotic attractor 
spatial attractor: 
fixed point 
limit cycle 
chaotic attractor (?) 
nontrivial combination of 
the above 
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seen when two mirrors face each other. With a bit 
of rotation the infinitely regressing image takes on 
an overall “logarithmic spiral” shape that winds 
into the origin. 

When the parameters are set to moderate values, 
one of the first non-trivial dynamics to appear is a 
simple oscillation. This would be a limit cycle in 
image space: a sequence of dissimilar images that 
after some time repeats. Because entire images 


repeat, individual points on the screen exhibit 


periodic behavior. Consequently, the values of 
intensity at a point cycle repetitively. 

At parameter values nearby often lie temporally 
aperiodic image sequences. Chaotic attractors in 
image space are most likely a good description of 
this behavior type in the simplest cases*. When 
non-repeating images are reached from limit cycles 
with the change of a parameter, the bifurcation 
occurs in one of (at least) three ways: 

1) Simple lengthening of the limit cycle period, 
until it is sufficiently long to be effectively aperi- 
odic: for example, going from a limit cycle of 10 
seconds to one of hours. New images are intro- 
duced, but are not sufficiently similar to be consid- 
ered as close “‘recurrences”’. 

2) The. introduction of subharmonics at fre- 
quencies lower than that of the original limit cycle: 
_these subharmonics are small modulations of the 
image’s geometric structure. The overall image 
sequence remains the same, but differs in the 
modulated detail. 

3) Suddenly at some critical parameter value, 
the limit cycle disappears and aperiodicity set in. 

A very telling indication that complex behavior 
lies at nearby parameter settings comes from 
slightly perturbing the system. This can be done 
most conveniently by waving a finger between the 
monitor and camera. Once perturbed, the nearby 
complexity reveals itself by long and convoluted 
transients as the system settles down to its original 


* In this case, given a time series of intensity values at a point, 
it is possible to “reconstruct” a state space picture of the 
attractor [8]. 
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simple fixed point or limit cycle. The closer in 
parameters to aperiodic behavior, the longer the 
transients. The simple dynamics discussed so far 
are globally stable in just this sense of returning to 
the same image(s) when perturbed. Of course, one 
can perturb the system too much, knocking it into 
another basin of attraction and so losing the 
original behavior. It is a common experience, in 
fact, that hand-waving perturbations will leave the 
screen dark, with the system requiring a “positive” 
stimulus of light from some source to get back to 
its initial attractor. 

At large zoom, or spatial magnification, the 
system noise is readily (and exponentially) 
amplified. This regime is dominated by bursts of 
light and color. Depending on the controls, the 
bursts can come at regular intervals or at random 
times. Also, the particular features of the bursts, 
such as color, intensity, or even the pattern, can be 
the same or aparently randomly selected. This 
behavior is quite reminiscent of a limit cycle with 
(noise) modulated stability [9]. 

The dynamics discussed so far is simple in the 
sense that its temporal features are the dominant 
aspect. No reference was made to spatial structure 
as the temporal dynamics was readily distinguished 
from it. A more precise way to make this dis- 
tinction is in terms of whether the behavior at a 
suitably chosen point captures the dynamics [8]. 
Using intensity data from this point, if a simple 
attractor can be reconstructed, then the behavior is 
of a simple type that can be decomposed into 
temporal and spatial components. The last entries 
in table II are an attempt to indicate that there is 
much more than this simple decomposable dynam- 
ics. Indeed, the spatial structure and its interaction 
with the temporal dynamics are what makes video 
feedback different from other systems with com- 
plex dynamics, like chaotic nonlinear oscillators. | 
But this difference presents various (intriguing) 
difficulties, especially because a dynamical system 
description does not exist for spatial complexity 
[10]. Nonetheless, a qualitative dessription is possi- 
ble and, hopefully, will lead to the. proper the- 
oretical understanding of spatial dynamics. 


Much of the following description, and the 
categorization used in table II, is based on observed 
similarities in spatial structure. While it may be 
very difficult to unambiguously state what.a com- 
plex image is, we as human beings can easily 
discern between two images and can even say some 
are “closer” than others in structure. I am not 
currently aware, however, of any mathematical 
definition of “closeness” for spatial structure that 
is of help with the dynamics observed in video 
feedback. Such a concept would be of immense 
value in sorting out complex dynamics not only in 
video feedback but in many other branches of 
science. 

To denote images that are observed to be simi- 
lar, but different in spatial detail, I introduce the 
phrase “‘quasi-attractor” for the associated object 
in state space. These state space objects appear to 
be globally stable to small perturbations and it 1s 
in this sense that they are attractors. Once per- 
turbed, the video system returns to similar images, 
although in spatial detail they may be slightly 
altered from the original. 

A good example of quasi-attractors is the class 
of images displaying dislocations. This terminology 
is borrowed from fluid dynamics, where dis- 
locations refer to the broken structure of con- 
vective rolls in an otherwise simple array. Dis- 
locations are regions of broken symmetry where 
the flow field has a singularity. The formation of 
this singularity typically requires a small, but 
significant, energy expenditure*. In video feed- 
back, dislocations appear as inter-digitated light 
and dark stripes. The overall pattern can be com- 
posed of regular parallel arrays of alternating light 
and dark stripes with no dislocations, and con- 
voluted, maze-like regions where stripes break up 
into shorter segments with many dislocations. The 


* Both Couette flow [11] and Benard convection [12] exhibit 
this phenomenon. In nematic liquid crystal flow these are called 
disclinations. Similar structures appear in spin systems, such as 
magnetic bubble devices, and in the formation of crystals. 
Turing’s discussion [6] of “dappled patterns” in a _ two- 
dimensional morphogen system is also relevant here. 
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boundaries between sezment ends form the dis- 
locations. They can move regularly or wander 
erratically. Dislocations form in pairs when a stripe 
breaks in two. They also annihilate by coalescing 
two stripes. Dislocations make for very complex, 
detailed patterns whose temporal evolution is 
difficult to describe in terms of dynamical systems 
because of their irregular creation and annihi- 
lation. Nonetheless, when perturbed very similar 
images reappear. A quasi-attractor would be asso- 
ciated with global features, such as the relative 
areas of regular stripe arrays and dislocation re- 
gions, the time-averaged number of dislocations, 
or the pattern’s gross symmetry. 

Dislocations fall into the behavior class of spa- 
tially decorrelated dynamics. Moving away from 
one point on the screen, the spatial correlations 
decay rapidly enough so that eventually there is no 
phase relationship between the behavior of 
different regions. The governing dynamics in any 
one area is similar to that of other areas. The local 
behavior, however, can take on the character of a 
fixed point, limit cycle, or chaotic attractor. Thus 
while globally stable, the entire image cannot be 
described by a single attractor in the conventional 
sense of dynamical systems theory. This behavior 
type has been studied quantitatively in simple 
nonlinear lattice models [13]. Spatially decorrelated 
dynamics apparently is the cause of heart 
fibrilation that results in sudden cardiac death [14]. 

The existence of spatial attractors that describe 
an image is another useful notion in classifying 
video dynamics. Intensity values as a function of a 
“pseudo-time” can be obtained by following along 
a simple parametrized curve on the screen. These 


values then can be used to reconstruct a “state 


space”’ picture [8] that captures some features of an 
image’s structure. These features naturally depend 
on the type of curve selected. For example, data 
from a circle of fixed radius elucidates the rota- 
tional symmetry in an image. Similarly, data from 
along a radial line allows one to study radial wave 
propagation caused by magnification. The recon- 
struction of spatial attractors has been carried out 
for the above-mentioned lattice models [13]. 
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The rough classification is not yet complete. 
There are also image sequences that appear to be 
combinations of spatially-decorrelated dynamics 
and complex spatial attractors. The latter entries in 
table II indicate these possibilities. 

The interaction of spatial and temporal dynam- 
ics makes it very difficult to describe the more 
complex behavior in any concise manner. To alle- 
viate this problem a short video tape was prepared 
to illustrate the types of behavior in table II [4]. 
The movie is particularly effective in giving a sense 
of the temporal evolution, stability, and richness of 
video feedback dynamics. An appreciation of the 
spatial complexity can be gleaned in a few stills 
from the movie. (See plates 1-7.) This will com- 
pensate hopefully those readers who do not have 
access to a video feedback system or who have not 
seen the movie. 

The examples have a few common features. 
Regarding parameter settings, they were all made 
at rotations of approximately 40 degrees and with 
spatial magnifications slightly less than unity, un- 
less otherwise noted. The discreteness caused by 
the finite resolution is apparent in each figure. Note 
that the spatial structures are typically many pixels 
in extent, so that the discreteness does not play a 
dominant role. 

Plate | presents a typical nontrivial equilibrium 
image, or fixed point. It has an approximate nine- 
fold symmetry that comes from the rotation angle: 
- 360/40 = 9. The intensity at each point as a func- 
tion of angle is periodic, with periods not greater 
than nine. The overall spatial symmetry as a 
function of rotation @ exhibits a “symmetry lock- 
ing” highly reminiscent of that found in temporal 
frequency locking in nonlinear oscillators [3]. One 
noteworthy similarity is that the parameter win- 
dow for which a given symmetry dominates de- 
creases in width with increased order of the sym- 
metry. For example, spatially symmetric images of 
period 31 occur for a much smaller rotation range 
those with period 9 symmetry. 

* One evening this cycle was allowed to oscillate for two 


hours with no apparent deviation from periodicity before the 
power was turned off. 
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One image out of a long limit cyc*’e is shown in 
plate 2. The limit cycle period was approximately 
7 seconds. Initially, a green disk nucleates at the 
center of a homogeneous light blue disk. The green 
disk grows to fill 80% of the illuminated area 
leaving a blue annulus. A red disk then nucleates 
inside the green disk, along with an outside ring of 
nine dots. The oscillation consists largely of the 
radially outward moving red disk, that ‘ntercepts 
the inward propagating dots. The still is taken at 
the moment of collision. The disk expands en- 
gulfing the dots and the green annulus, then itself 
is over taken by the inside boundary of the blue 
annulus that moves inward. The outer boundary of 
the red disk then recedes before the blue annulus. 
The screen then eventually becomes entirely light 
blue, at which moment the center nucleates a 
growing green disk, and the cycle repeats. This 
limit cycle was stabilized by a very small marking 
near the screen’s center*. 

Plate 3 shows a still from a sequence of images 
with slowly moving dislocations. Toward the out- 
side there is a “laminar” region of stripes. Moving 
inward from this, the first ring of nine dislocations 
is encountered. These were seen to move smoothly 
counter-clockwise. The center, however, period- 
ically ejected thin white annuli that propagated out 
radially, only slowly acquiring clockwise rotation. 
The interface between the inner and outer regions 
caused the intervening maze-like dislocation pat- 
tern. The entire image shows a high degree of 
nine-fold symmetry although in the dislocation 
region it is quite complex. | 

Spiral patterns are quite abundant, as one ex- 
pects from a transformation with rotation and 
magnification. Plate 4 illustrates a logarithmic 
spiral that dynamically circulates clockwise 
outward. Temporally, the behavior is periodic with 
color and structure flowing outward from the 
center. The rotation here is ¢ = — 30 degrees. The 
logarithmic spiral can be easily described as a 
parametrized curve with angle ¢ and scaling 6 
controls as follows 


(x, y) = (bt cos(@ log t), bt sin(¢ log £)), 


with ¢e[0, 1]. Such structure and periodic coloring 
occur often in organisms, such as budding ferns 
and conch shells. 

With relatively high zoom, or large spatial 
magnification greater than unity, noise in intensity 
and spatial structure is exponentially amplified. A 
common manifestation of this is periodic or ran- 
dom bursts. Plate 5 shows a snapshot of a devel- 
oped burst that had spiralled counterclockwise out 
of the center in about one second. After a burst the 
screen goes dark with faint flickering, until another 
fluctuation occurs of sufficient magnitude to be 
amplified into a spiralling burst. The video sys- 
tem’s finite resolution can be seen as a graininess 
on a scale larger than the intrinsic discreteness. 

Luminance inversion stabilizes images by ampli- 
fying contrast. Black regions map into white and 
colors map to their opposite. This sharpens bound- 
aries between dark, light, and colored areas in an 
image. Section VI of ref. 2 discusses this stabilizing 
effect in more detail. Plate 6 shows an example of 
the “‘pinwheels”’ that dominate the images found 
with luminance inversion*. The rotation for this 
photo was ¢ = —90 degrees. By adjusting the 
rotation, focus, and/or hue, controls the pinwheels 
are seen to move either clockwise or counter- 
clockwise. Winfree discusses similar “rotating 
waves” of electrical impulses that cause the heart’s 
coordinated beating. Plate 6 should be compared 
to the figure on page 145 of ref. 14. 

Plate 7, also made with luminance inversion, is 
a snapshot of outward spiralling “color waves’’. 
These are very reminiscent of the ion concentration 
waves found in the Belousov—Zhabotinsky chem- 
ical reaction [15]. The rotation parameter here is 
roughly ¢ = —40 degrees. As in the above pin- 
wheels, every point in the image has a well-defined 
temporal phase, except for the center where there 
is a phase singularity. 

A digital simulation based on eqs. (4) and (7) 
captures some of the gross features of video feed- 
back. To this extent the proposed models are 


* Bob Lansdon introduced me to these pinwheel images. See 
also ref. 2. 
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correct. It 1s still an open question as to whether 
they reproduce the detailed spatio-temporal dy- 
namics. Such comparison is a difficult proposition 
even in modeling temporal chaos alone. Digital 
simulations are many orders of magnitude slower 
than the space-time analog simulations of video 
feedback. And for this reason it is difficult, given 
model equations, to verify in detail and at numer- 
ous parameter settings their validity. To date digi- 
tal simulations [7] have reproduced the following 
features typical of video feedback: 

1) equilibrium images with spatial symmetry 
analogous to Turing’s waves [6]; 

2) fixed point images stable under perturbation; 

3) meta-stability of fixed point images: 
sufficiently large perturbations destroy the image; 

4) logarithmic spirals; 

5) logarithmic divergence when the rasters are 
not centered. | 

At this preliminary stage of digital simulation it 
is not possible to discuss much in detail. In fact, it 
may be a long time until extensive digital simu- 
lations are carried out on the proposed models. 
The construction of, or use of pre-existing, special 
purpose digital image processors to simulate video 
feedback may be more feasible than using con- 
ventional digital computers. The next and final 
section comes back to address these questions of 
future prospects for understanding video feedback. 


5. Variations on a light theme 


Video feedback is a fast and inexpensive way to 
perform a certain class of space-time simulations. 
It also provides an experimental system with very 
rich dynamics that is describable in some 
regimes by dynamical systems theory, while -in 
other regimes it poses interesting questions about 
extending our current descriptive language to spa- 
tial complexity. 

One goal in studying video feedback is to see 
whether it could be used as a simulator for dynam- 
ics in other fields. Turing’s original proposal of 
reaction-diffusion equations for biological mor- 
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phogenesis comes to mind, as well as the image 
processing [16] and hallucinogenic dynamics [17] of 
the visual cortex. Naturally, the first task in this is 
to understand video feedback itself as completely 
as possible. Toward this immediate end, I have 
proposed models based on video physics and 
presented an overview of the possible behavior in 
a particular color video system. The next steps in 
this program are to make a more quantitive study 
of the attractors and bifurcations with calibrated 
video components. Data from these experiments 
would be analyzed using techniques from dynam- 
ical systems to (i) reconstruct state space pictures 
of the simpler attractors, and (ii) quantify the 
unpredictability of the simple aperiodic behavior. 

A second approach to understanding video feed- 
back dynamics is to study other configurations of 
video components. The possibilities include: 

1) masking portions of the screen to study the 
effect of boundary conditions; | 

2) optical processing with filters, lenses, mirrors, 
and the like; 

3) using magnets to modulate the monitor elec- 
tron beam scanning; 

4) connecting two camera—monitor pairs seri- 
ally, thus giving twice as many controls; 

5) nonlinear electronic processing of the video 
signal; 

6) inserting a digital computer into the feedback 
loop via a video frame buffer. 

The possible modifications are endless. But, 
hopefully, they will help point to further under- 
standing and lead to applications in other fields. 

Variations (5) and (6) may lead to the most 
fruitful applications of video feedback. For exam- 
ple, they allow one to alter the governing rules in 
simulations of two-dimensional! local and nonlocal 
automata. In this process an image is stored each 
raster time. Each pixel and its neighbors are oper- 
ated on by some (nonlinear) function. For rapid 
(“real-time’’) simulation this function is stored in 
a “look-up” table. The pixel value and those of its 
neighbors form the input to the table. The table’s 
result then becomes the pixel’s new value tlrat is 
stored and displayed. This is a very general 
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configuration. With video feedback one has simple 
control over the nonlocality of the rules using 
rotation and spatial magnification, and over the 
number of neighboring pixels using the focus. 

A monochrome system, employing an intensity 
threshold to give crisp black and white images, 
could be used to simulate binary cellular automata. 
This restriction on the intensity range falls far 
short of the possible pixel information in video 
systems. Indeed, as discussed in the appendix, 
color systems are capable of transmitting roughly 
20 bits of information per pixel. This includes a 
random “noise floor’ for small signals. Gener- 
alizing cellular automata, from a few states per site 


to many, leads to lattice dynamical systems [13]. 


This corresponds in the video system to removing 
the above thresholding. Thus this video 
configuration will be especially useful in the experi- 
mental study of lattice dynamical systems and in 
the verification of analytic and numerical results, 
such as spatial period-doubling, found in some 
nonlinear lattices [13]. 

A number of video image processors are avail- 
able, both analog and digital. Many have been 
constructed solely according to their aesthetic 
value by video artists. Certainly, among this group 
there is a tremendous amount of qualitative under- 
standing of video dynamics. At the other extreme 
of the technical spectrum, some of the emerging 
supercomputers have adopted architectures very 
similar to that of video feedback systems. These 
machines would be most useful in detailed quan- 
titative simulations. And, in turn, video feedback 
might provide an inexpensive avenue for initial 
study of simulations planned for these large ma- 
chines. 

Physics has begun only recently to address com- 
plex dynamical behavior. Looking back over its 
intellectual history, the very great progress in 
understanding the natural world, with the simple 
notions of equilibrium and utter randomness, is 
astounding. For the world about us is replete with 
complexity arising from its intimate inter- 
connectedness. This takes two forms. The first is 
the recycling of information from one moment to 


the next, a temporal inter-connectedness. This is 
feedback. The second is the coupling at a given 
time between different physical variables. In glob- 
ally stable systems, this often gives rise to non- 
linearities. This inter-connectedness lends structure 
to the chaos of microscopic physical reality that 
completely transcends descriptions based on our 
traditional appreciation of dynamical behavior. 

From a slightly abstract viewpoint, closer to my 
personal predelictions, video feedback provides a 
creative stimulus of behavior that apparently goes 
beyond the current conceptual framework of dy- 
namical systems. Video feedback poses significant 
questions, and perhaps will facilitate their answer. 
I believe that an appreciation of video feedback is 
an intermediary step, prerequisite for our compre- 
hending the complex dynamics of life. 
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Appendix A 
Video physics 

There are many types of camera pickup tubes, 
but for concreteness I will concentrate on the 


common vidicon tube and describe how it converts 
an image to an electronic signal. The vidicon relies 
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on the photoconductive properties of certain semi- 
conductors (such as selenium). When light is inci- 
dent on these materials their electrical resistance is 
reduced. Photoconductors can have quite large 
quantum efficiencies, approaching 100%, with vir- 
tually all the incident photon energy being con- 
verted to mobilizing electrons in the material. Once 
energized these electrons diffuse in an ambient 
electric field. 

The vidicon takes advantage of these mobile 
electrons in the following way. (Refer to fig. 3.) An 
image is focused on a thin photoconducting layer 
(A) approximately one square inch in size. Spatial 
variation in an image’s light intensity sets up a 
spatial distribution of mobile electrons. Under 
influence of a small bias field these diffuse toward 
and are collected at the transparent video signal 
pickup conductor (B). During operation the 
photoconductor/pickup sandwich acts as a leaky 
capacitor with spatially varying leakage: the more 
incident light, the larger the local leakage current. 
The electron beam (C) from the vidicon’s cathode 
scans the back side of the photoconductor depos- 
iting electrons, restoring the charge that has leaked 
away, and hence, bringing it to a potential com- 
mensurate with the cathode. The coils (D) supply 
the scanning field that moves the electron beam 
over the photoconductor. They are driven syn- 
chronously with the horizontal and vertical raster 
timing circuits (top of diagram). The output video 
signal corresponds to the amount of charge locally 
deposited by the beam at a given position during 
its scan. This charge causes a change in the leakage 
current and this change is picked up capacitively 
and then amplified. 

The important features of this conversion pro- 
cess, aside from the raster scanning geometry 
already described, are 

1) the diffusion of electrons as they traverse the 
photoconductor; and 

2) the local storage and integration of charge 
associated with the light incident during each raster 
time. 

The diffusion process directly limits the attainable 
spatial resolution. This places an upper bound on 
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the number of horizontal lines and the number of 
pixels (distinct picture elements) within each line. 
The effect on spatial patterns is that there can be 
no structure smaller than this diffusion limit. An- 
other interpretation of this is that, over the period 
of several rasters, there 1s a diffusive coupling 
between elements of an image. 

The high spatial frequency cutoff can be easily 
estimated. The electron beam forms a dot on the 
photoconductor’s backside approximately | to 2 
mils in diameter. Diffusion then spreads this out to 
roughly twice this size by the time these electrons 
have traversed the layer, yielding an effective 3 to 
4 mils minimum resolution. For a vidicon with a 
one inch square photoconducting target, this re- 
sults in a limit of 250 to 300 pixels horizontally and 
the same number of lines vertically. These are in 
fact nominal specifications for consumer quality 
cameras. Additionally, although the raster geome- 
try breaks the image into horizontal lines, the 
resolution within each line is very close to that 
given by the number of scan lines. It will be a 
reasonable approximation, therefore, to assume 
that the spatial frequency cutoff is isotropic. 

In a similar manner the charge storage and 
integration during each raster time places an upper 
limit on the temporal frequency response of the 
system. In fact, this storage time t, can be quite a 
bit longer than the raster time t, of 1/30 second. A 
rough approximation to this would be 
T, © 10t, = 1/3 second. Thus the system’s frequency 
response should always be slower than 3 Hz. And 
this is what is observed experimentally. Even the 
simplest (linear) model for video feedback must 
contain spatial and temporal low pass filters corre- 
sponding to the above limitations. 

The optical system that forms the image on the 
photoconductor has spatial and temporal! band- 
widths many orders of magnitude greater than the 
vidicon itself. Hence these intrinsic optical lim- 
itations can be neglected. The optical system con- 
trols, however, are quite significant. The focus, for 
example, can affect an easily manipulated spatial 
diffusion by moving the image focal plane before 
or behind the photoconductor. In addition, by 
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adjusting it to one side of exact focus the diffusion 
Orientation can be inverted. Very small changes in 
the zoom, or spatial magnification, can have quite 
large qualitative effects because the image informa- 
tion repetitively circulates in the feedback loop. A 
spatial magnification greater than unity increases 
exponentially with the number of passes through 
the loop. Similarly, adjusting the admitted light 
with the f/stop can cause the light in an image to 
dissipate completely when set below some intrinsic 
threshold. 

The image intensity can again be adjusted with 
the brightness control on the monitor, perhaps to 
compensate for the camera’s f/stop setting. The 
brightness adjusts the DC intensity level of the 
video signal, while the contrast amplifies its dy- 
namic range, or the AC portion of the video signal. 
High contrast will amplify any noise or spurious 
signal into an observable flickering of the image. A 
monochrome monitor’s screen (E) is coated with a 
uniform layer of phosphor that emits light when 
struck by the electron beam (G). Using the mon- 
itor’s driving coils (D), the raster synchronizing 
circuits move the beam to the appropriate position 
on the screen for the incoming video signal. This 
signal modulates the beam’s intensity (F). The 
screen’s spatial resolution is effectively continuous 
with a lower bound significantly less than that 
imposed by the vidicon resolution and by the finite 
number of scan lines. Additionally, the phosphor 
stores each raster for a short time to reduce 


flickering. Thus there is another image storage 


element in the feedback loop. The phosphor’s 
persistence is typically a single raster time and so 
it can be neglected compared to the vidicon’s 
storage time. 

There are a number of sources of error, or 
deviations from the idealized video feedback sys- 
tem. Here I will briefly mention a few that could 
be taken, more or less easily, into account in the 
modeling, but for simplicities sake will not be 
included. The first omission that I have made in 
describing the functioning of video systems, is that 
the bulk of them transmit two interlaced half- 
rasters, or fields, every sixtieth of a second. A 


complete raster is still formed every thirtieth of a 
second, but the successive images appear to flicker 
less than without interlaced fields. Since the time 
scale of this is much less than the image storage 
and integration time of the vidicon it can be 
neglected. 

A second and important error source is the 
intrinsic noise of the intensity signal. A number of 
physical processes contribute to this noise. The 
discreteness of the quantum processes and the 
electron charge produce resistive noise in the pho- 
toconductor. The electronic amplifiers for the sig- 
nal also introduce noise. The net effect though 1s 
a signal to noise ratio of about 40 db. This trans- 
lates into about 10 mV white noise superimposed 
on the | V standard video signal, or into about 1% 
fluctuation in the intensity of pixels on the mon- 
itor’s screen. 

The photoconductor’s monotonic, but non- 
linear, current output i), as a function of light 
intensity J, adds a third error. For vidicons ( ~ 17, 
with y €[0.6, 0,9]. Furthermore, this response func- 
tion saturates above some intensity threshold /,,. 
Vidicon photoconductors also exhibit a non- 
uniform sensitivity of about 1% over the target 
region. 

When the camera is very close to the monitor, 
there is significant geometric distortion due to the 
screen’s curvature. Geometric distortion also arises 
from other errors in the system, such as the 
adjustment of the horizontal and vertical raster 
scanning circuitry. These distortions can be re- 
duced to within a few percent over the image area. 
Finally, within the monitor there are saturating 
nonlinearities in its response to large intensity 
signals and high brightness or high contrast set- 
tings. This list is by no means exhaustive, but at 
least it does give a sense of the types of errors and 
their relative importance. 
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NOTES FOR AN EARLY ANIMATION DEVICE 


Lee Harrison 


The following paper is reprinted in facsimile form as 
the most primary and authentic source of Lee 
Harrison’s original concept for electronic animation. 
These notes eventually materialized as the ANIMAC 
animation system. —D.D. 
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F Prewven v- ; 
== cence — BA EE CETL Brat Gt ert ‘3 

eta Tred MOT FI MWS 
THOAy ? cy Nek 24,/to? 


AWE CIPCK OR MASTER OSKILLA 
_VARVABLE-FREQUENCH WAIEFORM GENERATOR |. 
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are cs Medea 





Nioee we 
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- THERE ARE. TWO Gm SIGNAL OuTPUTS oF HE COCK. 
OR MABTER OSCULATOR. ONE 1S A SQUARE WAVE amr, 
rObE, STRER » A SWE WAVE, A. THE OUTPUTS ARE 
AT WE Me FOEQUENCY , Commtieccaiipmnsiel— 
THE “Cuncten of THE Clock 16 To FURNISH THE 
“PRNING-JIGNALS TO ThE DEVICE. BT ts Also 
AMEANS BY WHICH THE WORKINGS of THE DEVICE 
ARE “TIME - SuUNCHRONIZED 2’ 
WE REFER TOTHE outpul OF THE CLOCK AS 
“HIGH FREQUENCM,’ Semmene BECAUSE WE CounT 
DowN (Bey MEANS OF A COUNTER TO BE DEKRIBED | 
LATER) To THE’FRAME FREQUENCY” ,6R BR THUS | 
ESTABLISHING A FRAME RATE. FRAME RATE IS THE, 
RATE Kt LoHICH WE DRAW ONE ComPLETE Fou re p On) 
| 5 BECAUSE TRE COUNTER PERFORMS A FIKED-RATIO- 
+ COUNTDOWN, THE Lov) FREQUENCY 15 ALWAYS 
| A LodER, MULTIPLE oF THE HICH FREQUENCH. 
Tus, BA VAQUIDG THE HIGH FREQUENCY, WE AUTOMATICALLY 
, vat THE Lod FREQUENCY OR FRAME RATES og 
DURING THIS DEVEOPEMENTAL PERIOD , WE SOPERATING 
AT FRAME RATES BETWEEN 24 AND 20 CUCLES PER 
2 StconD (CPS), BOcps S DESIRABLE AT THIS TIME BECAUSE 





eek 


— - 


-_ -— em e = 


4 Q.) THE LIGHTING IN OUR WORKSHOP 1S GucH THAT AT A toWER 
‘Ca FRAME ARTE WE SEE A BOTHERSOME FLICKER , and 
ead by. ris very BASH TO eee THE FREQUENCIES 
iT? , TOC O-CHC LE UNE F NCES (2st TWICE HE 
& FRAME RATE hg tee TEES Sane WHAT IS KNOWN 


~ AS “Hue” oR UNE NOISE g WAC IF NOT SHNCHPpHe 
CAUSES. A SLOW WORARLE OF THE PrCTURE., 
INTHE FuruRE, WE WiLL INSTALL A FEE DRACK THWe 


CONnTRoL ju-E COUNTER, CIRCUIT GOMCH WILL ALTOMmC 
SUNCHROWIZE ALL FeEQuenacs To THE UME (coces) Anup 





prs: > 


THUS ELIMINATE WE NECESSITY OF HAND AD TUSTMENTS 
AND ALSO ASSURE Ad ExG<T 24 CPS FRAME RAE- 


THE SQUARE WADE OUT Put, Pes Q Owecre4 Wro 


SE Dy 
4 ys she SINE WAVE OUTPUT ts FED B INTO TWO OF Tite 
( 


ye? 








THE CouUnTER.. IT 15 NSO,THE RINING SIGHAL 
FeQ THE HORIZONAL DEFLECTION GENERATOR OF THE 
BKID SCANNER, Cro BE DECRIBED LATER ) 


CSCHIERED LaTen 
Ree CSampcte GATES yap b ALSo 1NTO A 


Yo DEGREE PHASE SHIFTER Hose OuTpuT NoD) 
BECOMES A COSINE WAVE CIN RELATION To THE 
oAPNCINAL SINE WAVE) AmB GonicH 1s SUBSFOUCAMY 
FED WTO THE OTHER SET OF SAMPLERS, ALSO 
Roth SINE AND coSINnt WAIES ARE Fed INTD 
MODULATORS CT° BE DECRIBED LAreR ) 
THE FUNCTION OF THE Clock MAY BE TAKEN ovER 
By THE TAPE RECORDER, WHERE WHE Clock Signals 
RRE RECORDED ON ONE OF THE CHANNELS AND 
USED AS DRIVING SIGNALS OF THE DEVICE”. Hus 
SYNCHRONIZING ALL RECORDED SIGNALS > WITH 
* HE" TAPE Clock? 











COUNTER § TinnG ConTReLE a? 


Pas 

“THE counTER fs A CHAIN OF BISTARLE Mul ieGproes. 

THE WPUT To THE FIRST BSMV Im THE CHA $1 

ME HICH FREQUENCY SQUARE WAVE FROM THE CLOCK, 
THE ouTPuT OF THE FIRST BSMY [S A SQUARE WAVE 
LOHICH IS EXACTLY 4& THE FREQUENCY OF THE 
weutr. THAS EACH BSMV in THE CHAIN HALVES “Reem ITS 
INPUT PRED UENCH. 

AT THE POLSENT TIME WE HAVE G BSHVS IN THE 
COUNTER CHAIN. “TRIS GIVES. A CounTDOWN RATIO OF 
Biat). Tus FoR A FRAME RATE OF 24 FRAMCS 
THE HIGH FREQUENCY Must BE 12098 CPS 

THERE 15 NOTHING MAGIC ABOUT THIS SELECTED 
RAMO GE Bia To 1. THE CHOISE OF IT AT THIS 
TIME WAS GOVERNOD B41 THE EASE WITH WHICH | 
WE ARE ABLE To ust THE HICH FREQUENCY IN... 
HE FUNCTION (sme-cosine) GENERATOR NETWORK, 

IFTWE EREQUENGHES USED IN THAT NETWORK SET 
Tem WiGh, THE GENBRATOR HOTS Nor PERFORM. 

AS WELL: AS WE'D LIKE 17 TO, WE HAVE salt 

HAD TIME To SE REDESICN THE NETWORK - HOWEU 

IT works WELL UP To IO GRIT KC es eC ace, 

OF CourS&, THE HIGHER FREQUENCH We use, 

THE GREATER "Bone $ SK RESPLUTION WE Hay 

Cm witht gt CAPAWED LATER.) 

THE QUTPUE @m® OF THE FinsT BOM, wy BESIDES 
_ Dewe pep inte-Me am osmy, 16 ALSO. FED INTO 

THE DEAAY MUCTHIBEATORS ty THE AFORE- MENTION 
 SING-CPSINE . FUNTION GENERATOR NETWOORE, AWD ACTSAS | 

A DRIWING SONAL FOR THOSE DELAY MVE. tal ortrer ions, 

IT FY CAWSESTUE DELAY MV To A SAMPLING OF | . 

TWE SINE AED COSINE SemBEEES WAVES Iv THE SAMPLERS 

AT L-WE FeEQUENCY OF THE SINE-4 COSINE WAVES IN) THE 

SAmPLEeS, tthe ARE oO CHCLES eg To SAMLE Frwy, 
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Pp pes ot ; 
THE SIGNIFICANCE OF THI THAT WE CAN GET MORE 
¢ : be 
NN THAN A 36S ROTATION, A Bone. Cro BE DESCRIBED 


MORE Full 5 


THE Timing CopTRoL. JP. A FEEeDbAck NETWORK 
LOHICH ,SUNCHRONIZES ATHE, FREQUENCHES Cae Hist 
4 Low ) To THE G CPS LINE“ FREQUENCH, THUS Doemmmedtid 
SEEK. ASSURING AN BYACT 24 €PS FRAME RATE 
LHAM @ THE erecteonic EQUIPMENT OPERATES BY Per 
RECTEVED FRom A GD EMCLE SUPPLY LINE. THIS Poem AT 
: wh WIRES AND CABLES NEAR A THRU THE 
QUIPERR RD HAS & TENDENCY Te RADIATE A CERTAN 
MOUNT DEMMIg Pome To ADTACENP PARTS, THE RESUL 
1S THAT THERE PRALWAUS PRESENT A SLIGHT VOLTAGE RIPPLE 
Ge) THE LINES, IN MHE AMPLIFIERS, AnD EVEN IN THE DC. 
REGULATED-VoLTACE SucpPLsES, THIS MAM BE ELIMINATED 
B4 EE SHIELD D a) oF HE 
SuPPLIES, OR ITM BE COMPENSATED FoR. RY SUA HRORII 
opLarwnd Ap Sek & tw 
ALL OF THE FREQYENUES TO THISNUM, wor BxNPic, LET US 
Sureost WE BLE OPERATING AT AB TIA ERAMES PER SECOND, 
Awo TRE E Ripece 15 AT GOCPS, THR PicTUAel witl TEND 
To scopi(4Y UNDULATE BECAUSE oF A BRAT SET UP BY 
THE AWo , NoN- MULNPLE FREQUENCIER, “Howt En, 
MAKING THE FRAME RATE EXACTLY BHFes, WE wil 
DRA % compcere France For EVERY A SHCLES OF HUM, 


ns ) ar THe Bae CAD 
CATOR UIGLD Be MERACED 
VEE ALTO Te 
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THERE ARE 2 INPUTS TO THE Tinwets ConTRol i OWE 15 
THE a4 Ces From tha courtav, THE OTMER IS CO cps From 
THE MINE, “THE 3469S FRAME RATE 16 FED INTO A BSMY 
WHOSE OUTPUT IS “THEREFORE 1a CPS, TRE LINE FREPUENQES 
(Gocps) 1S FED WTO A Sit COUNTER (tauny FEEDBACK TYPES 
AWD ITS OUTPUT IS IZCPS, THESE a FREQUENCIES ARE THIN 
FED INTO A PAASE- COMPARAIOR, TRE OlUTPUT OF THE PHASE. uae 
CompaARroR (A DC, VOLTAGE) 1S FED INTO A OC. Conpreliid 
OSCILLATOR, WHOSE MEAN OUTPUT FREQUENCY WILL GE TRESGRED 
Vice FREQUENCY WHICY WHEN FED INTO THE Fret ENO or Th 
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aes i “UTIL ALL THE MSMAV 'S IN THE CHAIN HAVE Sone THRU 





GLECTID WIC, GATE- COMMUTATOR Of mousstReLE Magpie 


, = ie 
Tar 


L 
BRATOR Chain 
(usmv) 
THE CHAIN OF HREEFRRBR MONOSTARLE BUCTIVIBRATORS [Ss 
scr AN ELECTRONIC COMMUTATOR LOHICH OPENS AND 
CLOSES A SERIES OF BONE GATES IN A SEQUENTIAL 


MANNER. IN OTHER WORDS HE MEMN'S FURNISH THE 
DRWING COPENING ean; SIGNALS To THE GATES, 


ee —-— 
HE IneuT To THE Fiast MSHV IN THE CHAIN [5 Nae panto 
PULSE CoAy atcrs) WHICH COMES FROM THE COUNTER, 
WHEN THE PULSE ARRWWES, fT CAUSES THE MSMV TO 
FLIP INTO tamEE ITS OTHER CuNSTABLE ) STATE , FOR 
A LENGTH OF TIME AS DETERMINED BY ITS INTEGRAL 
RC NETWORK. BY VARUING R, THE LENGTH OF TIME 
DURING LIHICH THE MSM IS IN ITS UNSTABLE STATE 
MAM BE VARIED, Got RUSHES LAOS EDS THE 
CURING THIS “OPEN” TIME, A CHANGE IN VOLTAGE 
OCCURS ON ONE OF 1S OUTPUTS . THIS VOLTAGE IS 
USED TO OPEN A NUMBER OF GATES CONNECTED To IT. 
WHEN THE “QPEN “TIME HAS LAPSED, THE MSMV AUTO- 
MANCALLY FLIPS BACK INTO ITS ORIGINAL STATE CSTABES 
Daod CHANGES BACK THE OUTPUT VOLTAGE DRNENG THE 
GATES , THUS CLOSING THEM, DURING THE FLIP-BAGK, 
A PULSE Similar To WHE ONE THAT cAustd THE 


ORIGINAL FLIP_1S. GENERATED AT NIGTHER OUTPUT | 
POINT, AND THENCE 1S SENT TO THE NEXT MEMV IN | 


THE: CHAIN JOHERE A SimiLAg OPERATION OCCURS, THUS 
OPENING THE NEXT Grour of ASSOCIATED GATES % : 
A TIME. DESCRIBED PA THE R AssocArey. HA THAL | 
3544 NSM, THES ComMurATING ACTIN contlaves - 


} 


_TAEIRINMuIntAL CHCLES,. os; is tee 
“THE "DRNING OUTPUT’ OF THE HSMN s (Seoton fal 


Fié 1.). 19-uSE To perrokm A uae 4 TASES, | 
‘Foe ExamelE is OuTPuT MAM BE WOED TO... 
CtoSE “THE LECTIONK SUIITCHES AckROS> THE 









pear © 






“v A ‘ } 


fe —F ag coven Lth..ABE 
: DURING “OPEN STATE 

Re t 

INTEGRATING CAPACITORS THUS CAKING THE DIsAAY RENY 
To “FLY BACK” To ITS STARING PonT, Gnemsune-eg. 
THESE SIGNALS ARE, Us FORE AS INPUTS To | 
THE FIMRACK URCLUT Spee DESCRIBED UTER Wy MORE DEIN 
ANGTHER USE OF THE MSMV OUTPUT IS To Dim OR BLAKKO 
THE USPLAY BEAM. PM APPLYING THE MOMY OUTPUT To 
TRE GRID OF THE OBPLAY CRT, THE BEAM 15 “TURNED 
—OFE” DURING THE OPEN TIME OF THE MSMV so ENGMEL 
IN TRIS MANNER, FLUBACK RETRACES , AND CERTAIN 

BONE— PLING RETRACES — CAS IN THE ARMS ,WHERE THE 
BEAM MUST MoVE FRoM THE STARTING PowT, uP TO THE 


HRN SHOULDER AND THENCE FROCEDE To DRAW ThE ARM, AND 


e 9) THAT: 
we 


|) DURING THAT "PLACEMENT “BONE DRAWING , THE BEAM 
2, 1S BLANKED out) MAY BE BLAWKED OUT AS BERED; 


vk AS MENTIONED BEFORE, THE LENGTH OF TIME 
SMV BEMANS IN ITS OPEN BxSTION 1S BErERHINED 

BY R THE IWTESGRAL RC. NETWORK, THUS RH 
VARYING OF THE RESISTNUCES ASSOCIATED WITH 
BACH MOMV-RC-NETWoRK,, AN OPERATOR IS ABLE TO 
“SET-UP” A Ficurk or CHARACTER TO HE THE OESIRE 
“BONE " LENGTHS, AND OVERALL SrRUCTURE. HE ALSO,. 
IND THIS BETUP Proce DURE , DETERNINES TRE SEQUENCE 
IN WHICH JHE PARTICULAR BONES WILL BE DRAWN, 1 


DETERMIN IS SFOU HE €E NECC<esSARY 
Son NECTION eae HE Fie back. > PLAWEING Caecibigs 


IW ADDITions To DETERMINING BND SORNG UP THE DESIRED 
Bont LEWETHS, 


THE MSMV CHAIN 15 A SLONTTHING | COMNUTATING.  . 
NETWORK LHC REGULATES THE OPENING AWD CLOSING OE. 
THE BONS GATES, TEE THE VARIOUS TASKS WHICH IT PERFORMS 
COULD BE DONE IN OTHER WAYS. SucH AS (ap*MECHANICAL .G 
nite) BINARY CouNnTER SYSTEMS WITH ANDga DPE 

Wo 


RS ¢.) OTHER ELEcTRomC AReaucsments d.) plicin 
ME CHAMICAL SUSTOMS | 









SBonE CATES. 


eee 
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Pal 
; © 
ASsocATED WITH EACH BONE, AND BRE DRWEN 
BK At HSMV OF THE MSMV CHAIN: .ARE 
A NUMBER OF ELECTRONIC GATES.» nye S 
ARE NORMALLY closed, BUT Gee AREICEE 
BY THE PRECTARMGULAR WAVE FORM RECEIVER Seo 
MEI DRIVING. MUNYIBRATOR, THERE Is AN OUTPUT 
FROM THE GATE ONLY DURING THE “OPEN “ PERICD , 
Ab TE AVATWZE OR CHARACTER OF THIS OUTPUT 
tS GOVERNED BY 
THE mPuT SIONAL, TF THE INPUT IS A BS. SIONAL, 
THEN THE OUTPUT. WILL BE A CORRESPONDING DC 
SIGNAL, CoimLand4 te THE INPUT 1S A SINE WAVE 
OR OTHER SHAPED SIGNAL, THE OUTPUT WILL 
Look LIKE THE. INPUT.) IN OTHER WORDS , THE 
GATE PASSES oR ALLOWS To Pass THRU IT AWY 
SICNAL YHATIS PRESENT AT ITS INPUT DURING 
THE OPEN -PERICO” OF THE GNE- be 4 
HE GATES FOR EACH GONE ARE IN PARALLEL ,. 
AND OPERATE SIMULTANGCUSLY , AND 
To DIFFERENT PARTS Of THE DEVICE 
“MAKE “ ) 
! wy SPACE, A GATED D.C WAVETORM CAS OLE 
| BE SHOWN LATER )MAKES A STRAIGHT BONE. 
& GATED “SHAPED "WAVETORM WILL MAKE A 
Bon E DIEM WHOSE AXIS IS NOT STRAIOFT, 
BUT HAS THE INTEGRATED, VECIORAL DIRBCTIPN 
(oa. snare) PR “D> BY JHE SHAPED INPUT, — 
ao ge gak eA Stem. Cr * THE D.C. VOLTAGE AprueD 
To WHE FIRST GATE, THE ANGLE (©) THAT ThE 
BONE MAKES WITH THE X -AXIS OF THE DISPLAY 
1S VARTER. AVARIABLE PorentTlpnpreR nay be 
USED To YARNS INPUT VOLTAGE, & OTHER MEAN 
MM RE USED oF CourSE). THE SECOND SATE 
. 4. UsEp. 
MAKES Wort 
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SEND SIGHNS | 
[a 4 
BONES AnD CONTROL THE Res NS: 


NTROL_ | fie iw LE THAT HG BON 
> 


oe: 
Lib» 


BY VARUING WAI DC, IWeUT, THE THIRD GATE ts 
USED TO CONTROL THE ANGULAR POSITION Cor may ee 
CALLED “QOTATIONAL Position”) OF THE Ski oN THE 





pry § 


BOWne, 
BRODITIONAL GATES HAY BE USTp IN SIMILAR 
FASHISN To CONTROL OTHER PARAMETERS OF THE 


Bon & — SUCH AS INTENSITY i Tet rt thc, 


watt bel GATES caLllLED" ©” aud >" SEND 
<< WIENALS To.’ iM! AM, LE= PRopUc 
RE mean ern 
& }:He TORRESPONDING CHANNELS OF THE TAPS RECORDER 
s&'g30 THAT DURING PLAUBNK THESE MULTIEEXED 7 
SIGNALS WILL BRIVE THE RONG AND SKIN PRODUCING. 
CHANISMS OF TAB BOVE, THRS AlTomaTCALLy  _ 
PRedUCING THE PREVIOUSLY RECORDED MovEméentrsdS 
OF THE BONES F ASSOC TED PKETS, ; 


S 


a oe 
a 


HE OUTPUTS OF CONSECUTIVE © GATES ARE 
ALL FED INTO THE © - SINE-CASINE FUNLTION- Gonéeshr 
AND SIMILARLY THE. OurpuTs OF GATES |ATO 
THE sive couse yurcton GEN, 
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MH -COSINDE FUNCTION GENERATOR 
. bith <E 








7 : oe a “S 
; THERE. ARE 2 SINE -@SINE FUNCNON BENERATORS . 
ONE RECEWES Ms INPUT FROM T © “GATES, 

THE GSTHER FROM tHe } GATES, 14... 
BACH GENTRATOR HAS 2 OuTPulrs 
WHE RANGE OF VOLTAGES AT THE | 
wanes” «= AWM DESIRED ANGLEIRAR Pos: 
BONE , Awd THE. TWO VRTACE OUTPATS HAVE 
RHE RELATION QF TWE SINE AND CoSINE RESPECML 
<emieweneg (SEE GENERAL THEORY) 

ty ORDER TS PROQUCE THE RELATIVE VALUES OF THE 
SINEAWQ COSINE, SAMPLES OF@KINE AND Cosmet 
WANES ARE TKEN BT REGULAR INTERVALS , AWD 
THESE SAMPLES ARE FED INTS CAPACTIORS WHICH 
WOLD THE “WAtRRE SAMPLED VOLTACES To PRODUCE 

QC. VOLTAGES. ACRESS THE CAPASTARS Ditch 
PRE AT THE LEVELS BEING SAMPLED, 





® WERE SNE-CosmE Function GENERATOR HAS 1 

ITS NETWORK A. DELAY MULTIVIOR ATOR, A NAgeoi-. 
; OUTPUT MordoSTASLE MULTWIGRATOR , a 
mm Beisie jopar = WAVE@—SAmPLNG GATES AND A HOLDING CAPACITOR 
tSeovna, On THE CaTPuT OF EACH SAMPLING GATE, 

Wasa erem set THE DELAY MULTIVIB2ATOR HAS TWO INPHTS . ONE 
ES ae hae WUT COMES FROM THE ad srAcEe OF THE 
- pers ac COUNTER J AT 4 THE HIGHP FREQUENCY AN 
tole SQUARE WAVE THPE, THIS INPLT CoeRtat Bue 
Weny-a: weies of THE DELAY MAL TO CHANGE” STATES, FT with . 
TWENEY Fargkenet es REMAIN IN THIS STATG UNTIL IT FUPS BACK 

oe ttt ete eat, AUTOMATICALLY, INTO ITS ORIGINAL STATED THE 

pirate 
LEwatH OF TIME THAT IT REMAINS ID) awe | UNSTABLE 


| MASE Tete adige 2. ud 
 OMARS OF THE NAS, «STATE 15 DETERMINED BY TAE 2% PHF, MES 


pager rtm Ceenge a™4 \oPpur CWHEW Cones FRom THE GATES) 15 
RK DL, VOLTAGE WHOSE VALUE DETERMINES THE 


OF pmme TAA bos 
‘Prius, | o MENCTH OF TNE eh DELAY MY, WiLL "DELAY, Tome 








EvClepee 


¥ i Woneg BE he, 
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THE OUTPUT OF THE DELAY MY, 1S DIE FERERTIATED 







vse 





: OU Se 


AND CLIPPED, So TRAT OWLM A, PULSE REPRESENTING 


THE TRAILING EDGE OF THE CHANGE OF-STATES 15 


SENT ON TO THE NARROR- PULSE deel 


THE IWPuT TO {HE NARROW PULS® MStv IS A 
NARROL) TRIGGER Pulst comic FROM TRE 
PELAY MV. THE OuTpur OF THE _MsmvV 15 A VERY 
NARROLD ) STRAIGHT SiDeD PULSE WHICH IS 4SED TO 
Bewe (on oPen ) 2 SAMPLING GATES. THO CATES 
ARE VERY FAST ACTING. Neeteritreep AN STHER INPAT 
To ME SATES 1S A SING DAVE CTo one) AND 
kK COUNE WAVE Cre THE OTHER) COMING FROM 

E SANBWAVE GBENGRATOR CerecxK) AND FROM THE 


x \prase - SUIFTER RESCBECTVELY, Mus THE OUTPUT 
“t Ra MES IS A VERY NARROW PULSE WHOSE HESENT - 


(og VALUE OF VoLTNGE) IB DETERMINED BY THE TIME 
SAT WHICH THE SIND AND CosIN® WAVES LOERE 
SAMPLED, > paren TINE WAS DETERMINED BY 
THE TRAJC UDGE OF THE DELAY MN. WHICH TIME 
WAS DETERMINED BY. THE: DG, VoLTASE Impressed 
UPON IT, THIS VOLTAGE SRB HAVING BEEN DETERMINED 
BY TRE cuTPUT SF THE @0ONE CATES, THE NuMBER! 6 
OF SUCH PULSTS FOR ANY GIVEN D.C .VALUE 
IMPRESSED UPON THE DELAY MN, (35 HeTER MINED 
Bu THE LENGCTR OF ANY GIVEN BONE, 

BECAUSE oF THE HOLDING CAPACITOR AscouaTey 
WITH THE OUTPUT OF EACH SAMPUNG GATE, . 
THERE APPEARS AcResS Each. CAPACITOR A 
D.C, VOLTAGE gx REPRESENTING A PARTICLE 
VALUE OF SNE SR assiNs ich Wiech a er 


TOR fol OG CAPAC Ta MAY HICKENE 1G 0230 SA 
TRE WOE SS Br nt GoETeh, 


TWERE ARE oR WAYS OF GONERATING THIS 
CONGINE Funcrion , ONG SMPLE WAY WOULD RETO. © 
LET THE OUTPIT OF THE Bont GATES SUPPL VolTAcS TO Avocined, 
SINE- Cosine POTENNOMSTERS BUT TACSE PUTS ARE Exopwewe ANDF 
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HAS A FEEDBACK CAPACITOR, To ITS + ITER MED! pee : 
, EUNCTION (S$ To PERFORG CONTINUOU RANON } age ee pas cae 
of Ter THE SIGNALS “PRESENTED TO ITS . INPUFE” THERE : piace a: PR ae ae eens 
| ARE THREE RAfORS IN THE Bont Gene he SEEDED j aD. 


OPCRATOR OF THE DEVICE TO. VIEW BBH THE 
OBFECT OR FIGURE “FROM ANY Posmion , HE 
FUNCTION OF COMBINING TRESE INTEGRATOR OUTPUTS 
WA PROPBR FASHION *S CARRIED out 84 THE | 
VEAMERA ANGLE NEéTKORE” TO BE ISCUISSED LATER, 


ONE FoR EACH, COORDINATED Ke 4,452 JOFS 
IF me wh 1] AN wrtGRATOR, 15 A BG. VOLTAGE 
TNE OuTeuT 1S A RAMP FUNCTON . TRE IWITAL CondTRNS 
poe ss CSTANTUSG@ VOLTAGES ON THE ourPUur WHICH DETERMINE 
es PRE STARTING PRINT OF EACH Bone OM THE DISPLAY) 
a ARE DETERMINED B4 THE VOLTAGE ACROSS THE Feepany 
= CEPACITF CZ , IS po <F JAAT 
SGP SEER ADEE Sea ttHt  0 
es - & SEQUENCE OT D.C, VOLTAGES WILL BE TONED 


J TOE VALUES OF voLTAcE PROSTATE D Jo THE iNPut of 

AN INTEGRATOR, DETEQH (NES. HS caBeEBerre oF CHMKS 

CENATACE AT THE ourpuT, (stores), Je Ty 

gst ‘ISPUT.VOLTACES To THE X ANB 4 INTEGRATORS -REPRESBIT 
THE ToS © AND SING RESPECTIVELY THEN THE 

OURPUT OP THE IDTESRATORS OHENTREERBEERD FED 

INTO THE PRARItowTAL AND VERTKAL AmPpUTFIERS On 

A DISPLAY SCOPE VORLL CAUSE TRE BEAN TO DRAW 

A LINE ON THE SCOPE WHOSE ANGLE To THE 

HertzenTAL 15 ©. - __ 






TOGETHER” WhENTVIER TRE CJAPAGTOR 1S DSLHARCOD 


_. + et Sioesso out’ yyEe. WAAL COMDMON VorTActS ARE 
VO! mma ANO THE DISPHAY BEAN 


‘a “ ’ 
_ RETRRNS To A ZeRM’* oR STARTING POSITION, 
- Fre Feueck_cimcanr To BE DESCRIBED PERMBRHS 
Z {hE FUNCTPN oF SHoRTiG out 
DERNARmING THE CAPACITOR AS DESIRED OR REQuIRED 
To DEAD A FERS OR IMAGE.) 


BRA RAN 
WRVQVwA 
AMY PO? 0 Pade as es WHEN PRESENTED, TO ACH OF | bias 
THE HAM DERLETONOOE THE DISPLAY ILL GWE THE : a 
PRoyecTON oF THE FICKRE (er MACE PEWS DRAWN) | | | “= % 

On THE PLADE. DETERMI ad | THe COMBINATION, , 1 oe Pe 

For ENAMPLE, 1 TAE cam INTEGRATORS wAEE CUPUTS. ; 

ARE USED, THEN THE DOPLAY WILE BE A VItW WHA 1S 

Mt PROJECTION OF ThE FIEMRE Ov THE x,4 Prane, BH 
| Stegaee4, 1 THE Y farP 7 outpulS art us, TRE Veh 

WILL BE A PROTFCNO) OF THE FiotRE ON THE YZ PLANE, 


ee rei rer ee ee 





\\ Be 
Sivartion of wo Ak 





| A Seed a ee ee 
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ae 
BGACK BeErwoRK. ge 
a 


“AWE FUN Gren af THE ruyBAUK. NETWORK tg 10 S}eekT out 
, - JOR PISCHNFGNE “THE eAPaAcitoRs Cc) Asset pth We 
INTEGRATORS AT DESIRED Times meth ala 
@Y BONES AND AT- THE END OF Cul F BONG 
GENERATION , DISCHARCINGS OF THE CaPACrTbRS CAMSES 
TAR «BEAM oF TARE DISPLAW CRT Te FLY BACK TO The 
i STARTING PONTOON, - 

An ELECTRONIC SONTUS DISCHARGES THE CAPACITOR, 
PULSES WICK CLOSE TRE StoiTeH COME FRoby anh AMPLIFIER. 
wWRCH IS WW TERN FED BY Purses(vouicen ARE SELECTED 
IAS CERIPED ) SComPInG FRom SHETED MULTWIBRAIORS 
oF WE PB CHA, ALSO, A PULSé, Skate se Bueknon 
IS DETERMINED BY THE Tint OF THE LAST homy To THE 
BEGINNING OF A NEW CUCLE ett rer: ‘homy 1S 
GENEZATED BY A BI STAALE MuLTNIARATOR, THIS 
FLUBACK, RI-STRPALE MAAN RECEIVES A PASE FRO THe 
LAST MOMV ASIT CLOSES, THIS PULSE FLIP THE BSMV 
AND IT® curpul. CAUSES THE SWiIKcHES TO CLOSE, 
TAS BsmV SANS IN THE SCE>StQcram® UTIL IT 
'RECTINES ANOTHER WwPUT PaLcse wach THis Time 
SomtS From THE Seep UNTER THE Samt Pursb 
Lhe Stuer TWe CHEN oF _Msmy So 
_ - DIODES CONNECT ALL oF THE Pucst INPUTS Te 
“TWE AMPLIFIER WAICA. ACTHATES THE SiITCHAS So AS 
To PREVEVT Puy pFEEOIWS BACK INTo HE 

» Ont. OF SEQUZNCE 
1 . TAWe ELECT pelt. sun TEAS pcmant CLOSED DURING 
1, TAG PueANod_ of AW saad banal BET LONG oR 
aa) Seale aes ir ocasa ae Cerne 


m= a er 


ee mem me me igh Sig 





| 


: * 
Lb sn 


poe [t—- 


“SK (WN Nutt WARK ’ 


TWE FANCTION CF THE Skew NETWORE 19 TO ALGEPRRAICALLY 
COMAINT THT VARIOUS. VOLTAGE. Or ee ‘I 
TNA, CHAM, KIND, CosH, kt 5 Kite 


; sink’ 
cos yt Awd Whe VIDEO Siqnal © al ‘ we the 
PROPER FoRMULAMANC REPRESENTATIONS OF THE 
GEOMETRIC PROTECTIONS GF THE FIGURE OR OBJECT 
Pa y BENG CENGPATED OR QUICK REFERENCE, A ai 
TABULAR Or MESSE VARous natleacuad 
1S GIVEN BELOW), 


Tak 2 
Kt, a afb ro) a D.C. VALUES OF VOLTAGE WHOSE RELATIONSHIP 


IS AS THE Int WD costhe (OF THE ANOLE © ©& 


DC. VALUES OF VoLTACE WHost€ RELATIONSHIP 
1S AS ME SING AWD COSINE of THE ‘ANGLE >. 


CoS ee 


Kt» RAMP FUNCTIONS OF VOLTAGE, THE ouTPUTS 
t by OF INTEGRATORS xX AWD 2 RESPECTWELY , 
WHERE THE CONSTA K, 6 A SCACING |. 
Factor,  Wwiick 15 A’ bEvice Funxnion OF TRE 
Chins c& bisetby AMPLE) Ee @OFTRE GAms OF THE WTEGRATING 
AMPLIPIERS AND Abi A Funchon SOF THE AmPLiTubt OTHE . 
INPUT SINE AWYD Gmsint WAVES 1S HE INTEGZATORS. For. . 
SIMPLICIT™ THESE EFFECTS ARE AxcounTeD For & THE use 
oF THIS "LUMPED CONSTANT” Kk, 9 
Sin Kt!) sine awn GosiINE WAVE FuNcTONS 
CoS yt: ) whose "PRES uENCH Cm™meE Hien FREQENHY 
15 BETORMINED BH -Ka.y ANP WHOSE ) 
_ AMPLITUDE 1% CONSIDERED To BE EQUAL 
To | Cone unit), (Por a WoRHAL HATWEMATICAL 
KEPRESENTATON Weo HAVE fo USE ~a Sin kat” ~ .. 
DENOTE THIS WAVE | BUT OE SIMPLIFY THE Ex PRESSIO 
w4 LoTinGg a=r unit , Lvhic mae = Shout lovelts P-2 Au 


















wf 
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ES 
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numer 


iy PuX 


be fo TB 


CAPITAL A is USED T OENOT E He VIDEO 
SIGNAL WHICH Gores FRoM THE Skin 
SCANNER, THIS 1% A WIDt BAe SIQNAL 
anon iiest UPPER. FREQUEACIS 







' To sHowW Met INTER: RELANSNSGHYP OF TY 


SIGNALS, K PicpPOCRAPA IS SINEN BELOW FoR 2 
; BonES 


, fone ) GovE @& ! 





of 








217 LEE HARRISON 


pa Aa, 
| 0) es 


“TWO ALG EBRNC FUNCTIONS ARE POAPRMED OY . TAT 
PORTION CR THE DEVICE WMCH WE CALL TRE Seidl 
NETWORK, WANELY mucTiPLicanoN ano Apd«TION, 





ASSOUATED WITA EACH MUCTIOLIER Sie ARE INPUT 


NECESSARY TH arloW AN ANOCLOGUE MUETIPHER TO 

PERFORM THE TASK OF MUUTPLICATION. 

GH MULNPLIERS REQUI 
Qh\UTHE THREE wWeuTs To MULNPUERS.AS 


¥8)) AND OUTPUT AMPLIFIERS, HICH ARE BLECTRONICALLY 


A CEAFER. “rap” iwpuT, Tus 


“er THE IMPORTANT THING HERE ' Wor Hod WE PERFORM 


ME PARTICULAR TASK ) BUT THAT We DO PERFORM IT, 
ADDERS ARE MERELY RESISTOR NETWORKS WHICH 
ADD ThE vARious SENALS PRESENTER To IT. 


ALEEGRAICALUY SPEAKING, THE SKIN NETWORR THES. 
THE PREVIOUSLY MENTONED SicNALS AUD comames 
THEM So THAT 


x =k it cos O cos > Rasetah cihbe height 
4 = kt, sin cos ¢ Asin Ssing ooskit+ A cosesinéct 
z= kt, sin tA eos $assk,t 


HERE, %, Y AND 2 REPRE Se Rate * AZAND 2% 
vEecTotian’ Components abe (URE. BY presenTiiba 
ANY 2 OF THESE SteNALS To THE X and Y enaba 
OF BR DISPLAY SRT, THe ResursnG BDrawiG wit bE 
A PROTECTION oF TRE S BIMENSIONAL FiguRt oN _ | 
“WE PLANE DETERMINED DY TRE Coffpon Ents StLectED, 
B41 TRE GEOMETRIC SELECTION ANP COMNBWATION OF 
ALL THKEE OF “THESE COMPONENTS, ANY VIEW GEES on fi 
PROTECTION OF WE 3 DIMBNSIoAL BIGUeE HAY OF a 
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47 Le kha ers] 


na! t 
AMERA—NELE HETUCRK ge 
: - ge » 
*: I-° NE FURcTON oF THE CanteA ALE MeWORE Is TO 
- § ALGTEBRAKALLH (CAND THUS GeEOMETRIKPLL PIBNE 
3: TRE X%¥, 4, AND @ COMPONENTS OF TA REF Dine 
| FiGuRe tw suctt A, MANNER As To AL “rpoR HE 
PRESENTATION OF AN4™T MECTION OR VIEW OF THE 
~~ FIGWRE DREN THE SUTPATSCY Mis NerwWoRk ARE 
PRESENTER To TAE _K Ave YX cHawntrs of A DIKPLAY CRT, 








A RLGERRAIC Functions ARE PERFORMED . THE FIRST 
. 1S MULTPLICATION. BH A CONSTANT, THE SECOND |S 
| apoirioN. ese et . 

TE "MULTPLICATION PY A CONSTANT” 1S IN BFEECT 

THE” TAKING OF THE SWE MID CasSINE OF THE 

ae VESTOR. AND 1S AcCeMPLUSHED BY A NETWORK r 

VARIABLE. SINE SOSINE POTENTONETGRS, ADPITEN 

iS PERFERMBD USING A FILED RESISTAARCT NETPORK. 


ANGLES © _CHRTA Pring) AND ' (PHI PRIME) 


REPRESENT THE ROTATION of THE XY PLANE AsouT 
ME X AXIS AND THE Xz PRABE Asmar THE £ AWS, 
Lf tote WIPERS 

A SIN -COMNE PoTS GANEED TOGETHER (itpon 
A COMMON. SHAET) ISTHE HECHAMISM FoR PERFORMML 
TRE PROPERLY -RELATED MULTIPUCATON By CW STANTS, te | 
The TAE SIIESS COSINES Dy THE PROPER RELATIONSHIPS | 
THERES ARE Tho SUCH MECRANISMS, ROTATION OF 
g . THE SHAFT oF. ONE, CONTROLS THE VITWING ANGLE 
2} QL THE OINER. CONTROLS Pe AMPLIFIERS ASSOCIATED ; 
_..; — WTHEL THE _Metmieky OF SINE- CosINE Pors ARE AN. 

és | - BLRCTRoe NACESSITL Fe oo 

ee TH, Ny OUTPUTS <& THIS NETeRE ARE FED ITO 
, THR @,ACRAHNGS,. ce Tus DISPUM CRT, AND REPRESENT, | 
| “IWE, BEAM— BaSiMoNAL IWPoRMATION necessary To Dead TH 




















es f ¢ DAT hac 


EVENTHAUY : WE'LL USE coNTRoLt ING GMO -HotoB Ts e 
POSINAN THE SHAFTS & + dV So THAD THE CAMERA 
ANGLES MAY BE RECORDED OW THE -fonTRoL- TAPS 


REORDER ALONG WITH SINER. CoNTROLLING INRORMAIdy 


WomMt2 wks, WE'LL VmCORD SEHALS To Lonich THE. 


StQNo S Will REACT, THUS RELPRPMIG TUE CARRRA ° 


BNGLES , 
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Aer GE NRAATOR._ 





WE SkKiwW GENERATOR IS A FLYIRG SPOR CANNER, 

WHICH SCANS Kh SPECIALLY PREPARE PHOTOSgRamy 

V THE DENSITY OF HICH CONTAINS THE DESIRED 
=| “TRICENESS? INFORMATION, 





TWE SK GENERATOR 15 A HIGH Baker 
eencent WHICH CONVEUS IN PROPOR SEDUTN geeddion 
oo fasie DATION CR=RESREES uc 1S RETAMED in) 
FeRmM of 


MENOLYDEDTIES, Forel ion) 
. STORAGE DEVICE oR MEDIUM, 


WE FLMWG SDT SCANNER 15 @ BESHSS A SPECIAL 
CeHORT PRRSISTANCE). eaTAone RAY TUBE jp HICH 
THE BERM SWEEPS OUT A PRESLIBED RASTER 
C PATERN OF LINES) . THE REAM PRoDUCES A 
SHORT PERSISTANCE SPOT OF LIGHT BWTHE FACE oF 
THE TUBE: TS sPoT OF LIGHT 15 OPTICALLY 
CPN DUCTED ANDO FacuséD ON The PHOTOSRAPHIC 
TRAMSPAC EN CH HICH TRADSMUNTS VARUING AMOUNTS 
OF LIGHT ACCORDING To THE FILM DENSITY, Thus 
THE ProTOGRAPHIC TranSPrarswcy MoD ULATES THE 
IN TENSIT of THE LIGHT , AS THO SPOT swBEPsS 
OI. SCANS pcR0S55 IT, TH 15 POpULAIEH LIGHT 
19 COLLETSED BY A CONDENSING LENS AND | 
ReLEPLA_€ocussep ons A PHOT -muLTPLIER Thee 
WRICH CONVERTS qe MoOULATEN Lich Jo A 
VoLTho& SIGNAL CyrDeo) . (IM GENERAL THIS SKsrem 
ATS AS.A HIGH SPEtD ONNATATOR, OMmumnN 
| ARAM PLECES OF INFORMATION IW THE OFS(RED STREAM 


i ns 


ry ’ 
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his Maroon I, 


Fc ll 


eS) 
oot 
d “TRE FUXTION oF THE SKIN centeatee 1S are. GENTRATE 
Ce & & RES ADIOWAL , THE MAGNITUDE oF Lanic ENTS 
a? S, DEVANCE, ANCE, UE) oR 
a ee We Bont Wector) AND “THE S 
Se SKIN 


JRE POSITIONAL (NFORMATISN “GQT 





oh THE Sul CEMERATER MAY ALGO BE SEP 10 






4 
94 Lao 


— bo oy 
“eR SEQUENCE, | 

“HE VIDED SIGNAL IS THEN aporp (tector atiy 
SPEMING) To THE RoNE SiC NAL wD GIUING 
DISPLAY BEAIY 


WHICH REPRESENTS THE THcKNESS OF THE oPBTJECT 
OR FIGURE BEING DRADN. 


THE MovEeMtnT SOF THE FLUWC SPOT 14 CoNnTROLED | 
ae aa eget AMPLIFIERS IN Spalaania, The 
Won RUNG ae BELEN -WAut RS” A 


ARE. GENERATED 
IS THE, BEFLE eT iow QEnrRArors ores b— Hey 
Sete Ph tneteet WHICH ARE SYNCHRONIZED 
AWD DRNEN 64 


AW INPUT From THE CLOCK 


THE BASTER CPRTERD OF MEMENT OFTHE SPOT) OF 
THE SCANNER. Yohei. BASICALLY ReCTARgULAr, 
WiTh SOME LetAlizeb mopiFcATions jw THE 
PATITR A FoR. SPECIAL, SKIN-DISTORTION XC FFECTS 
AS IN LIP) EYE 4 oTnée FACIAL meseerenes. Aud 


PLASTIC - thee MOVEMENTS , Gat AS WRINKLE 
ETT ECTS LWHICH WOULD BE 


SE Awol 
DEVELOPED As N euncTions £ ANGLES ) 


DELELIO PE rue S INFORMATION such As 
CoLPpR., TEXTUe 


"SHADING , ony iL bE 
Disewssen > bee) | 
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ding Vowork A Tae Racor Q veh 
+" cS 


a/ Keifer n— pi — 
i THe Funchion of the Recon DINE NEA S 






| To RECORD THE Sea eta 

| SIGNALS Cmuct PLE XED QNGLE- SARL 

| Low FoR TRAE PLAY BACK oF THESE 5, 

BR MULTI- CHANNELED Qt Cots Wee 
tRAtE- 





THE Rrooebt Rs Se ae ait 

Ok CHANKREE 49 BF CoRDE es 

| seers FOR SYUNCHAON IZATION 2 Sued fo ree é:d OW The 

SELECTIVE RECORDING OF INDIVIDUAL CAE- Gate 
>R GR mules OT GATE- WUTPUt? 19 AcconmPLIOnep 
woes th GAIES WHICH ARE ASTNATED Cama 

3 Tae MutT BEATOR?S ASSOUATED wh THe 

' ONT CATES DESIRED Tot RicorpER, A Swirttt 
MAY Be EMPLOYED T2 HocD THLUSE GRE RECORDIN. 
GATES OPENED_1F 'T 16 DESIRED To Bec wh ALL UF 
TRE BONES. CAS Al WEAADR MAY DO AT THE eC ma FF AN, 


FUSFRPEKMSTS KER S THE WRITE HEAT 5S Ath 


‘ ~ -zthl ace ) 
SVIVMED” UPSTRENY” FRoM THE REBDIERDS 
PS Fam AG JAPE Math 15 Gon ceRaATdD, THE SICHALS 
| Wich ARE PASSED BY THE Reserpine GATES ARE, 
TENCE RECPRDED ON THE TAPE Bu THE WHITE HEAR 
TYE SEMALS THUS RECORDED KQL ALMOST IMEDIATULY 
READ By THE BEAD" HEADS. reek conic THE 
SIGNALS ARE AMM FIED @ ND SENT INT > Ht 
Dont GENTRATIPED NETWORK , 
° THE TADE FoamaT iS (HeuN BELSU! 


WRITE GagcorD) - REED (Peayercr) 
. ; 3] 2| 14 var E 


Pot he aq 















weet 


eseseeueeovoeoevwvwrwrwrwewer er ~ ~ - - = 
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C41. SE 





pes" 21% 

We @ock CHANNEL HAS RECORDED oN iT THE HIGH FREQUEN 
SINE WAVE. PLUS THE | ITAWT FRAME pLLse , 
THESE SHNALS ARE SEPA AFTER READING, 


AND THE SIGN WAVES pg@e SENT to THe Role 
GENERATOR, ¥ THE FRNGE PULSES ARE sent to 
TRE COUNTER CHAIN, Apt: 
ARE THE BAND D CHANNES ARE FALLED wird 
RECORDED SIGNALS, SELECQUVE RE-RECoRDING 15 
hc MPLISIED =—-—BY MAKING GoNNECTIONS &ctiverN 
TPIT SELECTED MSMV'Ss THE RECORDING GATES 
S> THAT THE'RBEATES ARE OPENED anlty puede 
THE TIMES OFB occurvance OFTHE OPENING OF} 
THE AD 4: QATES ASovclaTE D WT! ff 
THE SELECITD MomMVG , CITE varie ReeDING SPITH 5 ENED, 
FoR EXAMPLE, Suppost AN operator WisnED To 
RE “RECORD WE ANGULAR AcnoNS OF THE! 4% 4 
Bh BONES HE'D WONNOSE TE PULSED OUT PLT oF 
MSMV's #4 4G To HE 3 
ACTUATING INPUT TERMISAL OF THE BecoRDING GATE, 
THYS THE ONLY TIME ROGRDING WOULD TAICE PLACE 
WOULD Gt AT THE EXACT spss on WE TAPE 
TWAT CORRESPSNBDED TONE PREVIOUSLY RECORDED 
yh ASTIONS OF PONES 445, THE WRITE HEAD JM BEING 


gi" ACTIVATED AT THOSt qiMES WOULD OBLITERATE THE 


S 


Mh op he sear LIAL 7 


PREVIOUSLY RECORDED SIGNALS ANB LEAVE Tht 
NEWLY ERSIRTBH SIGNALS Oty THE TAPE , ThE REST 
OF THE ime , TRE RecoRDING BATTS ARE GLISED, 
way THE READ HEADS pick UP THE OLD AS WELL AS 
THT NTW SIGNALS AND TRANSMITT THEM TRRoueH 
TAT DEVICE To SrrmutWE he DRsIRED Seon benon 2 
ON THE DISPLAY. 
OUARER. WPS CHANNELS ARE USED IN SINK AR FAYION TO 
“SORTS RECORD AND Canta OTHER PARAMETERS OF 8 
THE PONE . FOR Framme THE R (eno) cnrawneL is ® 
USED To CONTRAL, THE ROTATIONAL PosiTION for TWIST) Kg 








i" F* 2.3 
conToL of MOTION { OTHER PARANT TERS 


« 4 oe 


BY CopTROLING The Spe Vogack iWburs ro 
1 + TWE BONE GATES, THE, POSTE NS, ATTATE LES 1” 
PHO" AM OTHER, GPACIALWRSERDRIL Pak BS Ane 

= CONTROLED. THE Functpn oF THE 









, GENECRTED THE, BRIRED SIGNALS 
| VAQIONS MOTIONSS SEN GENERAL THE CON 
SIGNALS ARE YERY Lov) FREQUENCY = eV Sone 
CASES PRracicaty D.C. (THE samplinG RATE FR EACH 
BWNE® SIGNAL. TO BE MULNPLEXED ts a4 TIMES PER 
StConD. IN onNE SECOND, UNLESS TRE ACTION 
t OF B® BANE 46 VERY SWIFT, THE VOLTAGE VARIATI 
j From THE BEGINING TO THE END OF ONE DRALLING 
| CHCLE. (dec) OF NE BONE (% §.G4)E1 “riba one) 
1S YERA SLIGHT. THAT IS To SAY, SUPPOSE THE ¥ WAGE 
| 


VARIES Bwetins ont $5 i OTE N Sats be 
Jo THE TURNING. SF KR POTENTOMETER, THEN THE 
" VARIATION @ FROM she BEGIWNING TOME END oF A 
Bone 1S. eeu ats WATS HICH 15 GucH b SMALL 
CHANGE THAT THE Bont AP PEARS STRAIGHT 
NETWORKS OF VARIABLE RESISTORS AND VERY 
LOUW- FREQUENCY GENERATORS MAY 
BE USED To GENERATE Giunpmicte INTERRELATE [2 
_ BON E-GREUP ACTIONS oR M3ITONS. GBS AS 
ee | WE MANIPULATION 28F THE Poff TOMETER pweUulsS 
| 











IS SIMPUPIED, IL HAY BE CONSIDERED TRAT TPE 
CONTROLS” MAY BEGME MORE AND More 
compurtR - LIKE 


“4 


WHERE MANY MOTION Funcps 
uy 


‘Sod 





, g 
a la, 


4% Gare 
WITT 





ABR\4 


D WATEFD2 N PLACE of D.C. INPUTS 





shart 


. oe IME BONES. OTHER THAN STRAIETH . For ExAPLE, 


a. - A SAMIDRTY DONT ROL IePuT WILl GIBE a wiccus AMS 
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5 A SINoSot DAL ple (i Ar THE 

2nPER Haas FREQUENCY) RA Wie MAKE A 

circ urns Gone; A SRO, SQUARE CruPE) WAVE. 
WeuUr Witt MAKE A zie BAG “VY OR SAW TooT#H 





DECZ 916M De BONES A RAMP (vPuT To TRS EWE GATES 


lout MAKE” A CURVED AR ARCHED Lon. 

: SPECLA EMCIA VEL ORSIS NAG ALS? BE yg RTED 
hilher @rforsts On Sie e [MTEC RATOR , WHOUT 
P52S/NE THONGS) THE, SAM PHL ME- WETWORES 11! ORDER 
so PRODUCE DESIRED MUTATIONS On Tie BONES 
41% RR PAE, § SUcH AS THESE MADE BIDE A OS b06 SO) 
OM MAY OTA SS IOV: Dittil BE EXECIITED 
LAER T/ME ALLOWS 


TOyv-sricks ¥ FIMGER CONMTRLS HAVE 
geen DEsichEp For EAS, MECHAVICA 
PUISUEATION OF THE ConTBo ls VPUG BE 
THe suprzecrs of LATER PATENTS. SPECIAL 

INPUTS FOR FACIAL EXPRESSIONS MAY DE 
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(1% tent 
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THES Se TEE Qmk FIN 
FRMSDUCED EPROM RURAL FACIAL 9 LIP MOTION, 
USING A NETWORK OF MRAIN GALES - 


ee ~_ 
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4 ja) Ly 
BRAD) NG guo CPLR retrore y, | wer eo 
“ee eS 2916 oe 
OO | | pasg. at Sa thouaadl 
FRE EECTRONIC SIGNALS SOMANG OUT OY THE Pa 


CAMEILA ANGLE NETWORK ARE REAM Pod TIONING 
SIGNALS 5 © Just a5 FINGERS CONTROL THE POSITION 
OF A PENGL on PAPER, WHE Function of 
THE (AND cotor) NETWORK 15 TO GOVERN 
THE BEAM JIATENSIT S I DRAWS THE FIGURE 
OR’ OBITCTy' 
SOP Pee CHIGH PREQUENCH ) VARIATIONS In inTcAsTY 
AS% abies WITH SKIN SHADES + SHADODS , Tete 
which avist Grom the SuYFACe 
VARIATIONS ln TUS SKIN. (Corer VARIATIONS IV 
: THIS a a OF IN TERMS OF A THREE 
tor (Cmutt-colsre) PRO<ESS HERE Fold Framer 
wet ee eee: TAREE DISPLAY eeepee: ALE cabo Nm 
SUPPERIMPOSED , AND EACH SPE HAS A Coo Fare 
ON 115. FACE. 24 er ING THE AWTENSITIES OF THE 
3 BEAMS , THE coeerper OPTICAL IMAGE HAS Fuct 
’ SPECTRUM COLOR. CapaBieily. THUS THIS TOPIC 
IS CALLED... SHADING (anpdcome NEwak,) 
THE SKIN’ VIDbD SIGNAL CONTAINS ME 
INFORMATION ABouT THE S- HOS 1 by, 
CRTHAGONAL DISTANCE aerween seg ae SKIN, 
INTHE Futt BASIC Fort REVI , THE RATE oi fae es 
OW WE VIDED SiGNAL 92 [Sed FO tae 
FREPUEW CY. shin VArATiosS To WeGae B~= 6 
; skins FEATURES wACH occhR ECIWEEA/ TIE | 
BOCES IF MH ABITET EF(NEG DEW) Mi THE | 
FOUAM§ 23.9 DIFFERENT IAT INE THE Sern! HEX 
Ay BATE -OF-CAANEE S1ENAL 7S O87’ LED. A Th RESHOLD 
: PPWORE YETECTS AKic LATEQ AE ASE GO A USED To AAVE TAK SKIN-SCANNIDG ROSTER "5 aoe 4 
: ~{- _ ~ PIBBSER AER. ABSQLUTE VALUE, THE Chie D ATAVT | FLAING SPOT FOCUsED _ op). TWe (oR MORE) : 
ee METAB {SALLE ED ANO | FILMS - WRERE ONE FILM CONTAINS THICKNESS 
ce eae Po rr, 1570 fear I INFORMATION AND ANOTHER CONTAING suRTAct | 
: sd : COLOR, PAITERN OR TEYTURE. INPORMATION, 
5 FOGE SH KECTS (SESGouS she)? : 


Aré fLODUED /y ACCO IFA) THE 
SK/VECTOR POSITION WHICH IS A 
ee Fr oye PHASE OF THE hid 
UENEY SIC WAU pr20/" 77H ° 
ee APDINDN, A HOW FREQUENCY Wopace 
aR A Foc y$* 2eLN MAY eee) Wee 


HEAVY UP TPR TH ce eas ih 
A<Tiow ALSO BREWS SYcHhD - 
; NoUS LoTH PRASD OF Haan Sun? WAVE, 
we vor vasa FLAT COUR EFFEAS, OR GREYS OR TEXTURES YUE 
| Gent Pome May BE PRODUCED BH. on clN. THESE INTENSITY— 
| MODULATING SIGNALS AEBS uunctionl teen ThE 
PONE GATES 6616NED Fog. THAT. Pugpost.. THE 
path PUT To TRE GATES HRT A AIGH FREQUENCH OF 
BR CERTAIN ms bicn WHEN APPLIED. TO MODULATE THE DEAM INT 
DUILTING THE NROAWING OF A PARTUM RONE WILL GUE. 
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